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BOILING POINTS OF NAPHTHALINE, BENZOPHENONE, 
AND BENZOL UNDER CONTR OL L ED PRESS I'RES, 
WITH SPECIAL REFERENCE TO THERMOMETRY.' 

By -S. W. HOLMAN, S.B., anu W. H. GLEASON, S.B. 



The employment of the melting and boiling of various substances as 
a means of testing or of graduating thermometers at temperatures 
abo\'e 100° C. is a practice of long standing, especially among chemists. 
But it will be readily conceded that the results have been in general 
but roughly approximate, owing to several causes of error, e.g. imper- 
fect purification of substances, faulty apparatus {permitting under or 
over heating), incomplete systems of therniomctry, and errors in the 
values assumed as the melting and boiling temperatures, these arising, 
in turn, from causes similar to those just mentioned. 

The value of steam as a means of fixing one point on the thermo- 
metric scale comes in part from the facts that water does not change 
composition on boiling at ordinary pressures ; that it can be readily 
obtained in a state of sufficient purity, so that the temperature of its 
vapor, or rather oi a clean thermometer placed in its vapor, can be re- 
lied upon as sensibly reproducible under a given pressure ; and that this 
temperature under more than the ordinary range of itmospheric pres- 
sure has been measured (by Regnault and Magnus) with sufficient accu- 
racy for thermometric uses. The primary measurement of temperatures 

■ Rod befoic the Ameticui Academy of Arti 2nd Sciences, Januoiy 11, 18S8. 
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above lOO** C. is a process of extrapolation from the ice and steam 
points, and thus possesses the liability to error common to all extra- 
polation, the magnitude of the error depending upon the method, in- 
struments, and skill employed. It is obvious, therefore, that, whatever 
be the system of thermometry, a decided gain in accuracy and conven- 
ience would accrue to the art of temperature measurement, if by compe- 
tent investigation other substances could be had which at other temper- 
atures should fulfil the conditions just named as rendering steam so 
useful. 

The investigations in this direction by Prof. J. M. Crafts — in part 
published * — contribute far more than any others to the establishment 
of such fixed reference temperatures. The results of Mill's f measure- 
ments of melting points are also important. Independent study of the 
same substances by various observers is valuable, even when the check 
results cannot claim all the accuracy of the most elaborate investiga- 
tions. For it is of material importance to answer in this way, for each 
substance, the questions : Is the substance reproducible with sufficient 
certainty to give wholly independent workers sensibly the same tem- 
perature } What is this temperature in absolute degrees (of Thomson 
scale) as a function of the vapor pressure, errors in thermometric 
methods being eliminated i Is the substance readily reproducible with- 
out prohibitive expense } 

The following is a brief account of a study of naphthaline, benzo- 
phenone, and benzol, undertaken with these points in view, and with 
special reference to attempting to check the results of Professor Crafts. 
It is probable that, owing to superior facilities and greater experience, 
he has obtained results entitled to decidedly greater weight than those 
which we give. But it is believed that the conditions under which our 
work was done, and the pains taken in the system of air thermometry, 
entitle the temperature measurements to consideration. 

In designing the apparatus we departed somewhat widely from the 
published descriptions of Crafts's apparatus in almost all details. Our 
thermometer contained air dried and freed from CO2, while Crafts's 
contained hydrogen ; its bulb was large (about 200 cc.) ; the substances 
studied were either commercially obtained or prepared by methods dif- 
fering from those of Crafts ; and the vapor pressures were under con- 
trol by a regulator, and were extended through a greater range. We 
have since learned from Professor Crafts that the form of gas thermom- 



• Crafts. Bulletin de la Soc. Chim., xxxix. 196, 277 (1883). 
t Mills. PhiL Mag., (5), xiv. i (1882). 
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eter whose description had been published was not invariably em- 
ployed, but that others of various capacities and forms had been 
used. 

The concordance of our results with those of Professor Crafts for 
naphthaline (p. lO) is certainly as close as could be anticipated, and 
is within the limits of error in even the most elaborate use of the 
mercurial thermometer at those temperatures. For benzophenone 
(p. 10) the accordance is from o°.3 to o''.S C, — a difference possibly 
arising from errors in thermometry introduced by difficulties met with 
on our part from somewhat irregular action of the kind of glass which 
we were forced to employ in our air thermometer bulb, and which ren- 
dered the determination of its coefficient of expansion somewhat less 
satisfactory at this higher temperature than at lower ones. Yet we 
think the difference too great to be wholly accounted for by thermoraet- 
ric errors. 

The results of the investigation may be summarized as follows: — 

1. Naphthaline, C^Hg, is readily obtainable in a state of sufficient 
purity to give a reference temperature exact within o'.i C. We have 
found a preparation melting at 79°.4to79°.8 to possess a boiling point 
within the ordinary range of atmospheric pressure {H), expressible by 

/■= 218.07 + 0.0625 (.ff-760), 

where H is the reduced pressure in " normal " millimeters of mercury. 
Throughout the paper the degrees and pressures may be regarded as 
"normal," i.e. corresponding to the definitions adopted by the Inter- 
national Bureau of Weights and Measures, "Trav. et M^m.," i. (1S81). 
No reduction for gravity has been made, because the correction at 
Boston is below the limits of error of this work. 

2. Benzophenone, (C«H,)]CO, is obtainable with some difficulty, and 
is rather costly. With a melting point of 47''.6 to 48°.o our determina- 
tion of the boiling point within the ordinary range of atmospheric 
pressures is expressible by 

f = 305.6 + o-o6o {H~ 760). 

3. Benxol, C.H^ is readily obtainable nearly pure. Anhydrous benzol 
melting at 4°.22 was found to have a boiling point expressible within the 
ordinary range of atmospheric pressures by 

f = S0.19 + 0.045s {H- 760). 

4. The boiling fxitnts for pressures clown to So mm. for naphthaline 
and benzophenone, and to 360 mm. for benzol, are tabulated on page 
II, No attempt has been made to express the vapor pressure as a 
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function of the temperature through these greater ranges by any of 
the numerous formulae employed by others for this purpose. 

5. We regard the actual errors in the final results for the naphtha- 
line and benzol at the atmospheric pressure as under o°.i, and that for 
the benzophenone as under 0^.25. The average deviation of the single 
observation from the curves upon which the tabular values were inter- 
polated were: naphthaline o®.i, benzophenone o°.3, benzol o®.o6. 

6. The device used by us for controlling the pressure is easily ad- 
justable, and sufficiently constant to afford, in connection with the sub- 
stances which we have investigated, a means of obtaining exactly any 
desired temperature within the range measured. Thus this or a similar 
apparatus may serve for testing mercurial thermometers at several 
points, or for maintaining adjusted and known temperatures for other 
purposes. 

AIR THERMOMETER. 

Primary temperature measurements to be reducible to the absolute 
scale (Thomson's) must be made by a gas thermometer, and the air 
thermometer is the most available. The Jolly* form, in which the 
closed and open arms of the manometer are connected by a flexible 
tube, is the most convenient, and was adopted in this work. The dif- 
ference of level of the mercury surfaces was, however, measured by a 
special device. Vertically between the two arms of the mercury column 
is placed a steel millimeter scale of 1.3 cm. square section, and with 
straight edges. A T-square with double blade is held by the hand firmly 
against the scale edge, and the blades, which project across the face of 
the scale, pass, one behind, the other in front of the mercury column. 
The square is then slid up or down until the plane of the lower edges of 
the blades is tangent to the top of the meniscus, just as in setting a 
barometer vernier. By placing the tubes so that there is a bright light 
behind them, differences of level of the columns can be read with errors 
of less than one-tenth of a millimeter, the tenths being estimated. The 
bulb used was about 15 cm. long, 4.5 cm. in diameter, and 0.5 to i mm. 
thick, with a capacity of about 200 cc, and the volume of projecting 
stem was but 0.64 cc. The glass bulb and tube were continuous over to 
the three-way cock to which the flexible tube was attached. The glass 
gauge tubes were about i cm. inside diameter. The gauges, scale, etc., 
were carefully protected from heating, and their temperatures obtained 
by suitably disposed thermometers. The bulb was filled and emptied 
many times at 100®. The air was thoroughly dried by calcic chloride, 

* P^'SS* Ann., Jubelband. 
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sulphuric acid, and phosphoric anhydride, and its carbon dioxide was 
removed by sodic hydrate. Two determinations of its coefficient of 
expansion made one before and one after the measurements on naphtha- 
line, gave O.CXD 366 95 and 0.00 366 87, of which the mean, 0.00 366 91, 
was employed. Other values are : — 



Rcgnault . 
Miignus , 
Jolly 

Rowland . 
Mea 



0.00 366 82 
365 10 
367 2S 
367 13 

0.00 367 08 



With this mean the above value is in so close accordance as to show 
that the apparatus and coefficient of expansion of glass used must be 
sensibly correct. The formula; used in computing a and temperatures 
was that given by Rowland. • 

The coefficient of expansion of the glass bulb of the air thermometer 
was obtained by a weight thermometer made from the same piece of 
tubing. Both bulbs were made of the full diameter of the original tube, 
and with no further heating than was necessary to close the ends. They 
were thus both of the same diameter and thickness, and had been sub- 
jected to substantially the same treatment. In the computations, the 
\-alucs of the coefficient y9, used for mercury, were those of WuIIner's 
rccomputation of Regnault's experiments. Measurements were made 
in vapor of benzophenone, naphthaline, aniline, and water, a special 
double-jacketed heater being employed. The results were : — 






aoo 003 00* 



The values of * used for the benzol measurements were determined 
by Mr. W. S. Hadaway, Jr., on glass of the same kind, at temperatures 
below 100°. The results overlap at 100°, and are sensibly in accord. In 
some preliminary work, with bulbs carefully annealed before and after 
having been filled with mercury, values of k up to 218° were obtained 
which are in close agreement with the foregoing. The bulbs were all 
filled by boiling the mercury in them. This mercury and thai used in 
the gauges was redistilled in the laboratory. 

• Proc. Amer. Acad., iv. i»8 (1880J. 
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The capillary leading from the air thermometer was as fine as possi- 
ble, and special care was taken to obtain accurately the temperature of 
the air in the exposed stem of the thermometer. 

BOILING POINT APPARATUS. 

Upon a horizontal circular brass disk of i8 cm. diameter was brazed, 
with a heavy collar, a vertical thin brass tube 7.8 cm. diameter and 37 
cm. high. Eccentrically within this stood a similar tube 6.5 cm. diam- 
eter and 34 cm. high, being held in place simply by its weight and by a 
thin brass collar so near the bottom as to be beneath the surface of the 
liquid when boiling. Notches cut into the lower edge of the inner tube 
allowed the vapor formed under this collar to pass into the inner, not 
into the outer space. A vertical brass tube, open at both ends, about 
ICX) cm. long and 2 cm. diameter, passed through the cover at one side, 
and extended (by a removable portion) in the outer space of the boiler 
nearly to the surface of the liquid. This served as an escape and con- 
denser tube, and to its top was attached the exhaustion tube when 
pressures other than the atmospheric were desired. Outside this a glass 
. condenser was placed for water circulation when benzol was used : with 
naphthaline and benzophenone this outer jacket was removed. The 
height to which the vapor extended in the tube could be ascertained by 
passing a moist cloth along it, and could be readily maintained nearly 
constant by adjusting the gas flame beneath the boiler. The cover was 
a brass casting turned and ground to fit a brass ring brazed to the top 
of the outer tube of the boiler. It was secured to the ring by six 
screws, and the joint was always very nearly vapor-tight. Through the 
top were four borings ; one nearly central to admit the stem of the air 
thermometer, three for the insertion of mercurial thermometers to be 
compared with the air thermometer. These borings were closed by 
perforated screw-plugs, of which the central one was split lengthwise so 
that it could be placed on the air thermometer stem after this had been 
passed through the larger hole in the cover. Leakage was reduced to a 
minimum by an asbestos packing. Thus, when the liquid was boiling, 
the circulation of vapor was up the inside tube, in which the mercurial 
and air bulbs were located, down the jacketing space between the tubes, 
and up into the condenser tube until liquefied, whence it would drip back 
into the boiler. The depth of liquid in the boiler was from 2 to 5 cm. 
The sides and top of the boiler were covered with hair felt from one to 
three inches thick. 

The whole instrument was mounted upon a strong wooden frame in 
such a way that the cover of the boiler, having the air thermometer 
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rigidly attached to it by a brass bracket, was fixed in place, while the 
boiler was removable. 

For testing mercurial thermometers in the vapor of substances boil- 
ing at high temperatures, the following apparatus has been employed. 
It is similar to the boiler of the larger apparatus. Into the bottom of 
a thin brass tube, of about 5.3 cm. diameter and 20 cm. high, is brajied 
a thicker plate. Within this tube stands a shorter tube of about 4.5 cm. 
diameter notched at the bottom edge, and having a somewhat eccentric 
collar at about 2 cm. from the bottom, to hold it in place and prevent 
the vapor from freely rising into the outer jacket. The cover fits with 
a flange into the top of the outer tube and is split along a diameter. 
The boring for the insertion of the thermometer is in the centre. 
Through one-half of the cover passes a thin tube about 60 cm. long 
and I cm. internal diameter, projecting about 15 cm. below the cover. 
This lower portion thus extends nearly to the surface of the liquid in 
the outer jacket, being placed of course in the larger side of that 
jacket, and serves as an escape or condenser tube. 



PRESSURE REGULATOR- 

This has been elsewhere described in full,* and is shown in the 
figure. A Richards water-jet aspirator drew air from a, and c was 
connected with the apparatus to be exhausted. The small 
glass tube efp was drawn out to an open ijoint at /. a ° c 
As the exhaustion proceeded, the mercury rose in the 
large glass tube _/" and in f, until the level in the open cis- 
tern gh fell below /, whereupon the mercury in / would 
flow over intoy, followed by a sudden inrush of air, thus 
increasing the internal air pressure and causing the mercury 
to fall somewhat in y'and rise sX gh, thus closing/*. Repe- 
titions of this process would occur until a steady condition 
was reached, when a nearly regular stream of air and 
mercury globules would flow continuously through f. To 
maintain steady action, proper relative sizes of tubes and 
openings must be discovered, and some constriction should 
be placed in ij, and a vessel of large capacity should be present in the 
circuit. The amount of exhaustion can of course be regulated by the 
quantity of mercury in the cistern, and by the lengths of the tubes. 
The pressures were measured by a separate mercury column and the 
barometer. 

• Prac. Ainer. Acad,, oi. I (1S85) ; Technology Quarlerl)'. i. (1BS6). 
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INSTRUMENTAL ERRORS. 

The barometer was one which had been compared directly with 
another which had been studied somewhat by a cathetometer, and by 
comparison with a Signal Service standard in Boston. Its constant 
error must have been reduced to a fraction of a millimeter, which, so 
far as it is constant, would not sensibly affect the temperature measure- 
ments. Scales were by Brown and Sharpe, of Providence, R.I., and 
had no errors sensible in this work as compared with a standard scale 
by Prof. William A. Rogers. Thermometers used were corrected. 
Those for the more exact work were by Baudin, of Paris, and were 
read to fiftieths of a degree. Pemet's method of thermometry was 
employed. Calibration and stem exposure corrections were applied. 
A more extended discussion than has been published, so far as we 
are aware, as to the precision necessary in the component measure- 
ments entering into the air thermometry, was made with a view to best 
proportioning of parts and the elimination of determinate constant 
errors. 

PREPARATION OF SUBSTANCES. 

This was done by Mr. Gleason, under the direction of Prof. L. M. 
Norton and Mr. C. W. Andrews of the Chemical Department of the 
Institute. 

Naphthaline. — The pure product from Kahlbaum, of Berlin, was 
used without subsequent treatment. Samples were fractionated, and 
all distilled within 0^.3. These distillates were kept separate, each 
being divided into as many parts as there were tenths rise in tem- 
perature, and the melting points of all were found the same. The 
range of melting and solidifying points of the naphthaline, as taken 
from the original package, was 79**. 38 to 79**. 68 ; after use through the 
entire series of observations in the boiling-point apparatus it was 79''.42 
to 79°. 84. 

Benzophenone. — The method of Friedel, Crafts, and Ador * was at 
first selected, on account of its apparent simplicity and the ease of pro- 
duction of considerable quantities of the substance in the pure state. 
For reasons not known, the rate of production was too small ; and the 
process was abandoned in favor of that of Chancel,! namely, the dry 
distillation of benzoate of calcium. The benzoate was prepared by 
neutralizing an aqueous solution of benzoic acid with milk of lime. 
When litmus paper gave the neutral reaction, the liquid was filtered 
hot, evaporated, crystallized, and dried, the mother liquor being evap- 

* Comptes Rendus, xxxv. 673. f Liebig*s Ann. d. Chemie u. Pharm., Ixxii. 279; Ixxx. 285. 
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orated to dryness, and the salt dried. This gave a white product with 
very little loss, 2500 grams of calcium benzoate were subject to dry 
distillation, and 820 grams of the crude product were obtained. This 
liquid was of a dark red color, and 60S grams of it boiled above 300°. 
The result of fractionation was a straw-colored liquid, which would not 
solidify by cooling even to — 15° C. ; but on the addition of a very 
minute crystal of benzophenone the whole solidified suddenly. This 
product was again fractionated, and all below 280° rejected. After 
three recrystalizations from a mixture of alcohol and ether, 500 grams 
of pure benzophenone were obtained, which, after being dried, melted 
at 46°.74 to 47°.72; a recrystallization gave the same; but after carry- 
ing the benzophenone through the entire series of observations in the 
boiling-point apparatus, its melting point was 47''.62 to 48°.02, and it 
solidified at 47°-7, indicating that the initial melting points were prob- 
ably lowered by presence of alcohol or ether. 

Beuxol. — The Kahlbaum product was tested for thiophene with isa- 
tine, and was shaken with P,Os and distilled. This product melted at 
4°.22, and was used in the measurements. 

RESULTS. 

The direct results obtained will be now given, with deduced formula; 
and tables. On page 1 1 is a table interpolated for each 2 cm. pressure 
for each substance. In the interpolation for these, an application of the 
method of residual curves greatly facilitated the work. Each table of 
observations contains two or more series. Columns headed p give 
measured pressures in millimeters within the boiler; those headed / 
give the corresponding temperatures measured by the air thermometer. 
The correction to reduce the air thermometer to absolute scale is 
smaller than the limits of error of this work, and has therefore beeu 
omitted, 

NAPHTHALINE. 
Observed Preaurts and Temfiralurei. 




759.8 


213.11 


&4.8 


141.94 


762.7 


213.29 


141.4 


155.57 


7I3J 


215.20 


234.8 


172.12 


6SS.9 


211,59 


336.1 


1M.S3 


S55.7 


204.61 


461.0 


197.02 


454.4 


196.34 


546.7 


203.91 


3522 


186J9 


638.1 


210.31 


242J 


172.75 


711.0 


21S.00 


1302 


152J8 


759.0 


217.84 
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Within the limits of 730 and 760 mm. the temperature varies almost 
directly as the pressure, so that the expression 

/** = 218.07 + 0.0625 {H— 760) 

serves to give the boiling point of naphthaline under any ordinary 
atmospheric pressure, H^ expressed in normal millimeters of mercury. 
This and subsequent similar ones may probably be used safely up to 
780 mm. The following table serves to compare our results with those 
of Crafts, 



/. 


/, Crafts. 


/, H. and G. 










720.39 


215.7 


215.60 


730.31 


2163 


216.21 


74035 


216.9 


216.84 


750.50 


217.5 


217.48 


760.74 


218.1 


218.12 



[N.B. — In Crafts's original tables appear the erroneous values 753.90-217^.8, 755*3 1-217^.9. 
These pressures should be about 755.60 and 757.31, respectively, as inspection will show.] 







BENZOPHENONE. 






Observed Pressures and 


Temperatures, 


>. 




/. 




/. 


#. 











mm. 





755.1 




305.34 




1043 


223.60 


698.1 




301.69 




220.2 


251.92 


644.1 




298.08 




3143 


265.56 


527.7 




288.61 




445.2 


280.93 


432.5 




280.14 




580.5 


292.56 


318.1 




266.52 




660.0 


299.19 


201.2 




250.58 




739.9 


304.76 


88.9 




219.59 




.... 


• . • • 




Comparison 


with Crafts' s Results, 




>. 




Crafts. 




H. and G. 




mm. 









• 




732.38 




304.3 




303.94 




740.06 




304.8 




303.41 




750.91 




305.5 




305.05 




76032 




306.1 




305.62 



Between 720 and 760 mm. the following expression applies to express 
the boiling point as a function of vapor pressure : — 

/** s= 305.6 + 0.060 (-^— 760). 
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BENZOL. 






Ohsen>cd Pres 


ur/s an J Ttmfrralur 


s. 


/. 


,, 


f- 


t. 










769^ 


80.65 


400,7 


60.57 


733J5 


7S.71 


3SI.7 


57.34 


698.7 


77.43 


352,9 


57,63 


66ai 


75.70 


■H8.8 


63.90 


608.8 


73.11 


589.9 


72.13 


SS4.7 


70.42 


652.5 


75.52 


51S.8 


68.54 


730,1 


79.09 


M^& 


64.78 


768,8 


80.57 



Between 720 and 780 mm. the following expression applies : —• 
t" = 80.19 + O-045S C-^- 760)- 



^oiliHg Points from 8 cm. to 76 i. 



140.84 


216,0 


145.84 


222.8 


150.54 


229.2 


154.86 


235.0 


I5a70 


240.4 


162.48 


245.1 


166.10 


Z49.1 


169.46 


252.6 


172.67 


255.8 


175.48 


258.7 


178.10 


261.4 


180.58 


264.0 


182.93 


266.6 


185.17 


269.1 


187,28 


271.6 


189 J2 


273.9 


191.29 


276.1 


193.20 


278J 



195.07 


280.4 


63.57 


196.89 


282.4 


64.90 


198.59 


284.3 


66.20 


200.24 


286.2 


67.4Z 


201.85 


287-9 


68.58 


203.40 


289.7 


69.66 


204.92 


291,5 


70.70 


206,42 


293,2 


71,70 


207.88 


294.8 


72.66 


209JO 


296,4 


73.64 


210,63 


297.8 


74.60 


211.86 


299.2 


75.57 


213.10 


300,5 


76.53 


21435 


301,8 


77.47 


215.58 


303,1 


78.37 


216.80 


304.4 


79.28 


213.07 


305.6 


80.19 
81.10 



This investigation constituted the thesis work of Mr. Gleason, and 
the experimental work was very largely conducted by him alone. The 
expense attending the work has been met in part by an appropria- 
tion from the Rumford Fund of the American Academy of Arts and 
Sciences, in part by the Institute. 

RoCBfts Laboratory of Physics, 
August, 1SS7. 
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EXPERIMENTS RELATING TO THE THEORY OF 

BEAMS. 

By JEROME SONDERICKER, C.E. 

While the common theory of beams gives fairly satisfactory results 
within the elastic limit of iron and steel, at the point of rupture, as is 
well known, it does not reasonably accord with the known strength of 
the material as determined by actual trial. In illustration of this lack 
of agreement, we may cite the following cases, beams of rectangular 
cross-section alone being referred to : — 

Cast Iron. — It is well known that the modulus of rupture, com- 
puted by the ordinary formula, is, for a rectangular bar of cast iron, 
about double the tensile strength of the material. 

Steel. — Bauschinger's experiments on rectangular beams of Besse- 
mer steel, published in "Mittheilungen aus dem Mechanisch-Technischen 
Laboratorium der K. Technischen Hochschule in Miinchen," 1874, fur- 
nish very complete information regarding the resistance of such beams. 
The experiments were performed upon bars of Bessemer steel, 5.5 cm. 
wide by 14 cm. deep by 120 cm. long, the span being one meter. The 
following table of results is copied from this article : — 





Elastic Limit. 




Maximum Strength. 




Per Cent 
Carbon. 


Kilos, per square cm. 


Ratio. 


Kilos, per square cm. 


Ratio. 














Tension. 


Bending. 


» 


Tension. 


Bending. 




0.14 


2950. 


3750. 


1.27 


4430. 


7920.» 


1.78 


0.19 


3310. 


4170. 


1.26 


4785. 


8600.» 


1.79 


0.46 


3450. 


4030. 


1.17 


5330. 


8340. 


1.56 


0.51 


3405. 


4170. 


1.22 


5600. 


9300. 


1.66 


0.54 


3490. 


4030. 


1.15 


5530. 


8500. 


1.53 


0.55 


3300. 


4240. 


1.28 


5650. 


8825. 


1.58 


0.57 


3310. 


4450. 


134 


5670. 


9600. 


1.69 


0.66 


3745. 


4380. 


1.17 


6295. 


8600. 


1.36 


0.78 


3750. 


4650. 


1.24 


6470. 


8750. 


U5 


0.80 


4005. 


4725. 


L18 


7230. 


7645. 


1.06 


0.87 


4290. 


4700. 


1.10 


7355. 


7650. 


1.04 


0.96 


4870. 


6950. 


1.42 


8305. 


8480. 


1.02 



* Not broken. 
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Wronght Iron. — Experiments indicate that wrought iron behaves 
similarly to mild steel in its resistance to bending. 

Although a great many different explanations have been offered to 
account for this disagreement between theory and experiment, the 
matter is still unsettled. The experiments which have been made with 
reference to the subject are not, as a rule, sufficiently exhaustive. In 
order to throw additional light upon this important subject, there was 
performed by the writer of this article, in the Applied Mechanics Lab- 
oratory of the Massachusetts Institute of Technology, during the win- 
ter of 1S87-8, a series of experiments which will here be explained. 

It may be stated at the outset that the theory which it was the object 
of these experiments to test, and which they tend to substantiate, is the 
following : The direct stress, tension, or compression, at any point of 
a given cross-section of a beam, is the same function of the accompany- 
ing strain as in case of the corresponding stress when uniformly dis- 
tributed. This theory has been hinted at, more or less definitely, by 
various writers. At the time of performing these experiments the 
writer was not aware that any attempt had been made to test the theory 
just stated by experiment. Since then, however, his attention has been 
directed to a memoir by M. Considire, published in the " Annales des 
Fonts et Chauss^es," for April, 1885, which describes some experiments 
bearing on the same subject. The conclusions arrived at by this 
experimenter substantially accord with the results of the experiments 
to be described. 

EXPLANATION OF EXPERIMENTS, 

Altogether five beams were experimented upon, three being of cast 
iron, one of Bessemer steel, and one of wrought iron. Four of these 
beams were of rectangular cross-section, approximately three inches 
deep by one inch wide ; the remaining one was of T section. All the 
cast-iron beams were planed; the wrought-iron and steel beams were 
not planed The experiments were conducted as follows ; — 

Before testing, a length of about 15 inches was cut from one end of 
each of the beams. From these were cut tension and compression 
specimens, the tension specimens being taken from the side correspond- 
ing to the tension side of the beam, and the compression specimens from 
the opposite side ; this precaution being taken in order to provide as 
nearly as possible for any lack of homogeneity in the beams. These 
tension and compression specimens were tested in the ordinary manner, 
the elongations and compressions being measured to ten-thousandths of 
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an inch. In the case of the tension specimens these measurements 
were continued as nearly as possible up to the breaking point. In the 
case of the compression specimens the measurements were carried on 
until the test piece began to deflect sideways, or up to the full capacity 
of the testing machine. 

The beams were loaded and supported as shown in Fig. i. As will 
be seen from this figure, the pressure was applied equally at two points 
equidistant from the centre of the beam. One of the supporting knife 
edges rested on small steel rollers. Rollers were also introduced at the 
points {A, A)\ thus, neglecting the rolling friction, all the external 
forces remained vertical throughout the test. The reason for the 
introduction of the central rollers is plain. That it is also important, 
in order to obtain accurate results, to allow the span to change freely, 




as 




Fig. s. 

may be better appreciated by reference to a few observations made in 
connection with these experiments. In the case of cast-iron beam No. 
2, the original span was 30 J- inches; with a load of 2100 lbs. this 
changed to 30|f inches, with a load of 410x3 lbs. to 3ofJ inches, and 
with a load of 7600 lbs. to 3of f inches, in the last case an increase of 
■i^ of an inch. In the case of the Bessemer steel beam the original 
span was 36^ inches ; at the conclusion of the test it was 36^ inches, a 
decrease of -f^ of an inch. The span of this beam first increased as in 
the case of the cast-iron beam, and afterwards diminished as the 
deflection became considerable. If the beams had rested on fixed 
supports, it is evident that either they would have slipped on the 
supports, or the supports would have yielded, or horizontal external 
forces would have been introduced in addition to the vertical forces 
measured by the testing machine. Most probably a combination of 
these results would have occurred; at any rate, the actual bending 
moment would have been rendered somewhat uncertain. 
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When a beam is loaded in the manner indicated, its weight being 
neglected, wc know that the portion included between the centre knife 
edges is subjected to a uniform bending moment ; also that the shearing 
stress is zero, and the deflection curve a circular arc. From the fact 
that the bending moment is constant, it follows that the intensity of the 
stress to which anyone fibre is subjected is also constant; hence we 
can measure the amount of extension and compression of the extreme 
fibres in a manner similar to that employed in direct tension and com- 
pression tests, of course making proper allowance for the curvature of 
the beam. There being no shearing stresses in the portion of the beam 
referred to, our attention can be wholly given to the direct stresses. 
Thus the investigation is made as simple as possible. 

The extension and compression of the fibres was determined by 
means of the two clamps shown in the figure. These clamps were at- 
tached to the beam at a known distance apart, being furnished with 
conical points for this purpose. By calipering between the projecting 
points (C, C) with a micrometer caliper the change in their distance 
apart was determined. Throughout this investigation the assumption 
is made that a plane cross-section remains plane after bending. No 
valid objection can be made to this assumption in the case at hand ; for, 
if wc imagine the portion of the beam which is to be subjected to a 
uniform bending moment divided by a series of equidistant cross-sec- 
tions, these divisions will be equally distorted when the beam is loaded, 
since they are under identical conditions of stress. This would not 
be the case if the cross-sections ceased to be plane. We can determine 
by means of the measurements taken between the projecting points on 
the clamps, the radius of curvature of the beam, ajid, making proper 
correction for the curvature, the position of the neutral axis and the 
Strain at any distance from this axis. In each of the beams tested, the 
load was increased by equal increments, and the position of the neutral 
axis and strains in the extreme fibres determined for each successive 
load. The measurements were carried as nearly as practicable up to 
the breaking point in the case of the cast-iron beams, and until the 
deflection became excessive in the case of the wrought -iron and steel 
beams. 

We have now obtained all the data necessary to test the theory pro- 
posed, for the tension and compression tests determine the relation ex- 
isting between the stresses and strains, while the beam tests supply a 
knowledge of the strains in the beams resulting from any given load. 
Tbus we can determine the stresses in the beams due to a given load, 
and from these stresses can calculate the magnitude of the resisting 
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moment, for comparison with the actual bending moment to which the 
beam was subjected. We can also determine from the tension and 
compression tests, the position of the neutral axis of the beam for com- 
parison with its position as determined by direct experiment. In order 
to make these comparisons the results of the tension and compression 
tests were represented by stress-strain diagrams in the usual manner, 
the ordinates representing the stresses per unit area of cross-section and 
the abscissas the elongations or compressions per unit length. We will 
first refer to the determination of the position of the neutral axis by 
means of these diagrams. It is well known that the direct stresses at 
any cross-section .of a beam are subject to the condition that the total 
tensile stress must equal the total compression stress. Let the curve 

OA^ Fig. 2, represent a tension diagram, and 
OD the corresponding compression diagram. 
If we erect any ordinate as CA, the area 
included by this ordinate, the curve, and the 
axis of abscissas can be taken to represent 
the total tensile stress at a cross-section of 
a rectangular beam, corresponding to a ten- 
sile strain OC in the extreme fibre. If we 
now erect the ordinate BD in the com- 
pression diagram so as to include an equal 
area, this area will represent the corre- 
sponding total compression stress, and the 
neutral axis will divide the depth of the 
beam into parts proportional to OCand OB, In this manner the posi- 
tions of the neutral axis corresponding to the measured tensile strains 
in the extreme fibres were determined when the beam was of rectangu- 
lar cross-section. For a section of variable width this method must be 
somewhat modified. The positions of the neutral axis, determined in 
the manner indicated, are recorded in the second column of the tables 
given at the end of this article, for comparison with their corresponding 
positions determined by direct experiment and recorded in the third 
column. 

The determination of the values of the bending moments from the 
stress-strain diagrams is based upon the well-known principle that the 
moment of the direct stresses must equal the moment of the external 
forces. The method consisted in laying off areas corresponding to the 
measured tensile and compressive strains in the extreme fibres of the 
beam, in the manner described above, and finding the moments of these 
areas with reference to the axis of ordinates. The sum of these 
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moments, when reduced to the proper unit, is the moment of the direct 
stresses, if the theory proposed is correct, and should equal the cor- 
responding moment of the external forces. The results obtained from 
the diagrams are given in the fourth column of the tables for compari- 
son with the actual bending moments to which the beam was subjected, 
recorded in the fifth column. 

The sixth column gives the values of the bending moments, as com- 
puted by the ordinary formula, which are necessary to produce the ten- 
sile stresses determined from the diagrams and recorded in the seventh 
column. 

The seventh and eighth columns give the tension and compression 
stresses corresponding to the measured strains in the extreme fibres of 
the beam ; these stresses being determined from the stress-strain dia- 
grams. The ninth column gives the maximum fibre stress in the beam 
as computed by the ordinary formula. 

The diagrams in Plates I. and II. are given in order to present more 
clearly the results contained in the tables. In Plate I. the heavy hori- 
zontal lines represent the position of the centre of gravity of the cross- 
section of the beams, the space above these lines corresponding to the 
compression side. The points connected by the full lines represent 
the successive positions of the neutral axis as determined by direct 
measurement; the points connected by the dotted lines, their corre- 
sponding positions as determined from the diagrams. In the diagrams 
of Plate II. the ordinates of the points lying on the straight, inclined 
line represent the bending moments to which the beam was actually 
subjected ; the ordinates of the points connected by the dotted lines, 
their values derived from the diagrams, while the ordinates of the points 
connected by the broken lines represent the values recorded in the sixth 
column of the tables. 

It will be seen from an examination of the tables and diagrams that 
the positions of the neutral axis as determined experimentally, and from 
the stress-strain diagrams, coincide more nearly as the bending moment 
increases. Provided that the theory tested be correct, this is to be 
expected ; for the errors of observation will affect the minute strains 
occurring at the beginning of the tests to a greater extent than the 
larger strains resulting from the heavier loads. The internal stresses 
exbting in the beams might also affect the results somewhat. It will 
also be noticed that in the case of the cast-iron beams the actual bend- 
ing moments are uniformly greater than those determined from the 
diagrams. This may possibly be due to the fact that in the tension 
and compression tests the average strength of the cross-section is 
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determined, while in the beam tests the stronger metal at the surface 
of the beams will have greater influence. Taking into account the 
minuteness of the observed strains and the variable strength of the 
tension specimens cut from the same bar, these experiments furnish 
strong evidence in favor of the proposed theory. 

Strictly, the actual cross-sections of the beams and tension and com- 
pression specimens, while under strain, are the proper ones to use in 
this investigation, instead of the original dimensions which were used. 
However, within the limits of strain covered by these tests the differ- 
ence between the results obtained by using the original and distorted 
sections is unimportant. If we take, for example, the case of the steel 
beam, the effect of using the actual instead of the original cross -section 
would be to move the neutral axis, determined from the diagrams, 
slightly towards the tension side of the beam, the change in its position 
for the largest strain involved (5i%) being between o.oi and 0.02 inches. 
The value of the bending moment would not be appreciably altered. 
M. Consid^re concludes from his experiments, described in the memoir 
already referred to, that by using the actual distorted sections in the 
computations, the theory that the direct stresses in a bent beam are the 
same function of the strains as in case of the same stresses produced in 
direct tension and compression tests, holds good even up to the point 
of rupture of beams of wrought iron and soft steel. 

VARIATION OF THE MODULUS OF RUPTURE WITH THE FORM OF CROSS- 
SECTION OF A BEAM. 

Since, according to the proposed theory, the material near the neu- 
tral axis of a beam offers greater proportional resistance to bending, 
when the beam is strained beyond the elastic limit, than is assigned to 
it by the common theory, it would follow that the ratio of the modulus 
of rupture, computed by the common theory, to the tensile or compres- 
sive strength of the material ought to be greater, the greater the 
amount of material massed at the neutral axis, and that this ratio ought 
to approach unity in the case of such sections as I sections where there 
is comparatively little material near the neutral axis. In this respect 
the proposed theory agrees with the results of experiments. We will 
refer first to cast iron. Major Wade, in his " Report of Experiments 
of Metals for Cannon," remarks with reference to experiments performed 
by him at the South Boston foundry, to determine the transverse 
strength of different kinds of cast iron, and in which he tested both 
round and square bars, as follows : " The formula by which the 
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strength of the round bars is computed appears to be not quite correct, 
for the unit of strength in the round bars is uniformly much higher 
than in the square bars cast from the same kind of iron." Facts of a 
similar nature have been frequently noted and commented upon. In 
Hodgkinson's experinients on cast-iron beams, the modulus of rupture 
of I and T sections agrees more closely with the tensile strength of 
the material than in the case of rectangular bars. The following table 
(p. 20) gives the results of a number of tests of the transverse strength 
of cast-iron beams of different forms of cross-section. 

The ratio of the modulus of rupture to the tensile strength will, of 
course, vary considerably with the proportions used, in the case of such 
sections as I and T sections ; and even when identical forms are 
employed this ratio will vary with the quality of the iron. Thus it will 
be noticed in M. Consid^re's experiments that the ratio is less in the 
case of the iron having a high tensile strength than in case of the 
weaker metal; and we saw in Bauschinger's experiments that in case 
of rectangular bars, at least, the same thing is true for steel. While it 
is valuable to know that the theory agrees in a genera! way with the 
results of experiments upon the transverse strength of beams of differ- 
ent form of cross-section, numerical comparisons are desirable. For 
the purpose of making such a comparison, the writer calculated from 
the stress-strain diagrams of cast-iron beam No. 3 the values of the 
moments of rupture of beams of this iron of round, square, and I sec- 
tions. Their moduli of rupture were computed from these moments of 
rupture in the ordinary way, and the following values found for the 
ratio of the modulus of rupture to the tensile strength of the iron, — 
for a round bar, 1.77; for a square bar, 1.63; and for the I section, 1.37. 
These agree very wet! with the results contained in the table, with the 
exception of the circular section, where the ratio is smaller than any of 
those given in the table for this form of section. The suggestion 
already offered in explanation of the fact that, in the writer's experi- 
ments on cast-iron beams, the bending moments determined from the 
stress-strain diagrams are slightly less than the actual bending moments 
to which the beams were subjected, applies equally here. 

Fewer experiments have been made with wrought-iron and steel 
beam.s, to determine the effect of variation in the form of cross-section 
on the modulus of rupture, than with cast-iron beams. These are, 
moreover, more difficult to compare, as I and similar beams of wrought 
iron and mild steel usually give way by buckling, at a load apparently 
Bomewhat lower than they would otherwise bear. However, it is well 
known that while the modulus of rupture of round and square bars of 
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Fonn of 

Beam 

Section. 




X 




Tensile 

Strength. 

lbs. per sq. in. 



19850. 
16070. 
34420. 
24770. 
25040. 



Modulus of 

Rupture. 

lbs. per sq. in. 



41320. 
35500. 
63330. 
54390. 
46280. 



Mean. 



Ratio. 



2.08 
221 
1.84 
2.19 
1.85 



2.03 



Condition of 
Specimen. 



Turned. 
Turned. 
Turned. 
Turned. 
Rough. 



Experimenter. 



C. Bach.* 

Consid^re.t 

Consid^e. 

Robinson and Segundo.} 

Robinson and Segundo. 



16070. 
36270. 
19090. 



29250. 
58760. 
33740. 



Mean. 



1.82 
1.62 
1.77 



1.74 



Planed. 
Planed. 



Planed. 



Consid^re. 
Consid^re. 



C. Bach. 



i 

i 



b 



19470. 
31430. 
19880. 
24770. 
25040. 



34060. 
49030. 
33860. 
42340. 
42110. 



Mean. 



1.75 
1.56 
1.70 
1.71 
1.68 



1.68 



Planed. 
Planed. 
Planed. 
Planed. 
Rough. 



C. Bach. 

Consid^re. 

Sondericker. 

Robinson and Segundo. 

Robinson and Segundo. 



4 



19470. 
16070. 
31860. 
25040. 



28150. 
22500. 
36640. 
31310. 



Mean. 



1.45 
1.40 
1.15 
1.25 



1.31 



Planed. 
Planed. 
Planed. 
Rough. 



C. Bach. 

Consid^re. 

Consid^re. 

Robinson and Segundo. 




16070. 
31290. 
18050. 
22470. 



23780. 
34730. 
24550. 
26150. 



Mean. 



1.48 
1.11 
1.36 
1.16 



1.28 



Planed. 
Planed. 
Planed. 
Rough. 



Consid^re. 
Consid^re. 
Sondericker. 
Burgess and Viel6.§ 



* See " Zeitschrift des Vereines Deutscher Ingenieure,** March 3d and xoth, s888. 

t See ** Anxudes des Fonts et Chauss^es/' 1885. 

^ See " Proceedings Institute of Civil Engineers/' Vol. 86. 

§ Iliesis, — " The Tensile and Txansvene Scieiigth of Cast Iron." Mass. Inst. Tech. 
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wrought iron and mild steel greatly exceeds the tensile strength of the 
material, this is not the case for I and similar sections used in con- 
struction. 



ELASTIC LIMIT OF BEAMS. 

If we define the elastic limit as the point at which the stress ceases 
to be proportional to the strain, it is evident that, according to the 
theory presented, the elastic limit wonid be the same for a bending 
stress as for tension and compression ; also that this theory and the 
common theory would be identical below this limit. It is needless to 
refer to cast iron in this connection, as it has no elastic limit as defined 
above. The table of results of Bauschinger's experiments on rectangu- 
lar steel bars, gives higher values for the elastic limit as determined by 
transverse tests than as cietermined by tension tests. There are good 
reasons why this may be expected. The values of the elastic limit of a 
material, as determined by tension and bending tests, are distinct quan- 
tities. We do not know that, when the point is reached in a beam test 
at which the observed deflection ceases to be proportional to the load, 
or at which the first perceptible permanent set occurs, the condition of 
the most strained fibre is the same as at the point called the elastic limit 
in a tension or compression test. In a beam loaded at the middle the 
extreme fibres at the section under the load are strained the most. It 
is not possible to detect any lack of perfect elasticity until these fibres 
have been actually strained beyond their elastic limit ; the amount of 
the excess varying with the precision of the deflection measurements 
and with the form of cross-section and dimensions of the beam. If 
permanent sets are employed to determine the elastic limit, M. Con- 
sidire, in his memoir already referred to, calls attention to another 
cause of ciifFerencc ; namely, that when the extreme fibres are strained 
beyond the elastic limit and the load removed, the fibres near the neutral 
axis, which have not yet reached the elastic limit, tend to return to their 
original length ; while the extreme fibres tend to retain a certain perma- 
nent set. The result is that the extreme fibres on the tension side are 
subjected to a compressive stress, and those on the compression side to 
a tensile stress ; consequently the actual permanent deflection is less 
than would be the case if the extreme fibres were left free to retain 
their total permanent set, as in case of a direct tension or compression 
lest. From these considerations it seems reasonable to conclude that 
the difference observed by Bauschinger and other experimenters 
between the elastic limit, as determined by tension and bending, does 
not discredit the theory here examined. 
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It was the aim of the writer to make the examination of each of the 
beams tested as thorough as possible. While a greater number of 
experiments would seem necessary in order to fully test the theory, it is 
hoped that those presented in this paper will be found of real value in 
this line of investigation. 

Table I. — Cast-Iron Beam No. i. 

\inddi "B X.003 tn. Depth = 3.008 ia. Span « 30.5 in. Distance between central knife edges « 6.5 m. 



Loads. 


Dist. of neutral axis 

from comp. side in 

terms of depth. 


Bending Moment. 




Maximum Fibre Stress 
from Diagrams. 


/.?,. 




Diagram. 


Ejcperiment. 


Diagram. 


Experiment. 


Tension. 


Compression. 


lbs. 






in. lbs. 


in. lbs. 


in. lbs. 


lbs. per sq. in. 


lbs. per sq. in. 


lbs. per sq. in. 


100 


• ■ • 


• • • 


» • • 


* 
• • » 


• • • 


• • • 


• • • 


• • • 


1100 


.5S5 


.446 


6470. 


6600. 


7563. 


5000. 


3200. 


4360. 


2100 


.512 


.440 


12740. 


12600. 


12710. 


8400. 


7100. 


8330. 


3100 


.491 


.438 


18610. 


18600. 


16790. 


11100. 


10800. 


12300. 


4100 


.478 


.442 


23890. 


24600. 


19970. 


13200. 


15000. 


16260. 


5100 


.462 


.432 


29350. 


30600. 


23290. 


15400. 


19400. 


20230. 


6100 


.446 


.426 


35230. 


36600. 


25860. 


17100. 


24200. 


24200. 


7100 


.432 


.431 


40360. 


42600. 


27830. 


18400. 


28800. 


28160. 


7600 


.423 


.421 


43640. 


45600. 


29190. 


19300. 


31400. 


30150. 


8100 


.415 


.410 


46550. 


48600. 


30400. 


20100. 


33600. 


32130. 


t8770 


. . • 


• • • 


♦50450. 


52620. 


♦32020. 


♦21170. 


♦36550. 


34790. 



t Breaking load, fracture sound. 

* Elstimated. The tensile strength of the specimen cut firom the tension side of this beam was 20,780 lbs. per 
sq. in. 
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Table II. — Cast-Iron Beam No. 2. 



Laxb. 


Disl. of 


«p.«d.i» 

oftfcpth. 


Bcadin 


Momtnt. 


*^/. 


MuimuiD Fibre Sua. 
h,diDi.Cniiu. 


/-*^. 




DiagRm. 


E.p<™..n,., 


Di-stMB. 




TBuion. 


c„.™^ 




II& 






in. lb.. 


in. lb.. 


in. lb.. 


b..per«i.ip 


lb., per «i. in 


lb,, pe. .q. in. 


100 






600 


500 


.625 


3460. 


3600. 


2280. 


1500. 


2100. 


2360. 


]I00 


.SIS 


.563 


S870. 


6600. 


5010. 


3300. 


4000. 


4340, 


1600 


,500 


.520 


9030. 


9600. 


8050. 


5300. 


6200. 


6320. 


2100 


fm 


.500 


11470. 


12600. 


10020. 


6G00. 


7800. 


8290, 


2600 


.■183 


.462 


H270. 


15600. 


12300. 


8100. 


9S00. 


10270, 


3100 


.475 


.481 


17140. 


18600. 


14270. 


94O0. 


12100. 


122,S0. 


3600 


.466 


.473 


Z0500. 


21600. 


16020. 


10550, 


14400. 


1422a 


4100 


.459 


.465 


23020, 


24600. 


17910. 


11800. 


16600, 


16200. 


«00 


.451 


.454 


25870. 


27600. 


J9SS0. 


12900. 


18800. 


ISISO. 


ilOO 


Ml 


.444 


28940. 


30600. 


212S0, 


14000. 


21200. 


20150. 


5600 


.434 


.439 


31900. 


33600. 


22540. 


14850. 


23600. 


2213a 


6100 


.427 


.431 


34760. 


36600. 


23990. 


158O0. 


26000. 


241 la 


6600 


.419 


.422 


37S30. 


39600. 


25500. 


16800. 


28400, 


26080. 


7100 


.411 


.418 


40520. 


42600. 


26340. 


17350. 


30700. 


28060. 


7600 


.403 


.408 


43440. 


4S600. 


27400. 


18050. 


33000. 


30010. 


tS330 






•47700. 


49980. 


•28950. 


•19070. 


•36360. 


3293a 



• E.iiiiuie<J- TIk IcuLlfl .tiBogth of tbe qnciaai cut from th 
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Table IV. — Wrought-Iron Beam. 



i< kftcnvstdi AbandoDed u 





Di><. of ncuuil ui< 
riam camp, lidc in 


DcndiD 


M 




M<»in.u» 


Fibre Stnu 




L«d.. 


'«"■' 


ofritplh. 






> 


" ^'^™"- 


y-J-V 








Di-gran.. 


e..k™. 


T«^. 


■ 






'' 




Dm. 






in. Ib^ 


In. lb.. 


b.lb.. 


Ih-pcr^q-h. 


Ibt.pc[>q.in 


lb,.p.r«,.in. 


2000 


1 


.455 


17310, 


16000. 


18640. 


11760, 


8500. 


10086. 


4000 


l\ 


.500 


31910. 


32000. 


31780. 


20050. 


20010. 


20182. 


6000 


lS 


.435 


44260. 


48000. 


44320. 


27960. 


27740. 


3027a 


8000 


a. 


.49+ 


644S0. 


64000. 


4S340. 


30500. 


31750. 


40374. 


9000 


1 ^ 


.491 


69480. 


72000. 


SO720. 


32000. 


32700. 


454ZZ. 


lOOOO 


1^ 

r 


.497 


70560. 


80000. 


51510. 


32500. 


34S00. 


50470. 


11000 


.504 


79340. 


88000. 


54360. 


34300. 


37500. 


555ia 


12000 


.494 


.494 


89320. 


96000. 


59ZOO. 


37350. 


43750. 


60566. 


1250O 


.488 


.491 


92980. 


100000. 


61180. 


38600. 


46500. 


63090. 


13000 


.485 


.489 


97500. 


101000. 


630SO. 


39800. 


49S0O. 


65GI4. 


13S00 


.479 


.484 


101800. 


108000, 


64.590. 


40750. 


52600. 


68138. 


1«00 


.470 


.477 


106770. 


112000. 


66SS0. 


4Z2M. 


S6000. 


70662. 


14S0O 


.466 


.470 


1102S0. 


116000. 


63870. 


434S0. 


SSZOO, 


7318S. 


15000 


.460 


.461 


114870. 


120000. 


71240. 


44950. 


60750. 


75710. 


ISSOO 


.455 


.455 


118980. 


124000. 


73860. 


46600. 


62900. 


78Z34. 


IWOO 


.451 


.447 


123400. 


128000, 


76470. 


43250. 


65350. 


80758. 


16S0O 




.440 




132000. 








83282. 


17000 




.438 




136000. 








85806. 


17S0O 




.435 




140000. 








8833a 
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Table V. — Bessemer Steel Beam. 



Width M 1 .048 in. Depth = 3.00 in. Span = 36.5 in. Distance between centre knife edges ^ 6.5 in. 



Loads. 


Dist. of neutral axis 

from comp. side, in 

terms of depth. 


Bending Moment. 


Jf=^/. 


Maximum Fibre Stress 
from Diagrams. 


/-f,. 




Diagram. 


Experiment. 


Diagram. 


Ejt penmen t. 


J 


Tension. 




lbs. 






in. lbs. 


in. lbs. 


in. lbs. 


lbs. per sq. in. 


lbs. per sq. in. 


lbs. per sq. in. 


500 


• • • 


• • • 


* • • 


• • • 


• * * 


* ■ • 


• • • 


. 


4500 


.500 


.508 


35370. 


33750. 


34980. 


22250. 


22750. 


21470. 


8500 


.496 


.510 


66100. 


63750. 


60910. 


38750. 


43000. 


40560. 


10500 


.497 


.518 


78000. 


78750. 


70350. 


44750. 


46000. 


50098. 


12500 


.499 


.511 


90220. 


93750. 


73730. 


46900. 


46000. 


59640. 


1450C 


.503 


.505 


104600. 


108750. 


74670. 


47500. 


46900. 


69182. 


16500 


.491 


.491 


128760. 


123750. 


94000. 


59800. 


63250. 


78724. 


18500 


.486 


.487 


142350. 


138750. 


105320. 


67000. 


73000. 


88266. 


20500 


.483 


.484 


157960. 


153750. 


114120. 


72600. 


81000. 


97808. 


22500 


• • • 


.480 


• • • 


168750. 


121200. 


77100. 


• • • 


107350. 



T«it discontinued on account of the excessive deflection of the beam. 
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FLOW OF STEAM IN A TUBE* 

By C H. peabody, S.B^ and B. G. BUTTOLPH, S.B. 

This paper is the record of some experiments on the flow of steam 
made in the mechanical engineering laboratory of the Massachusetts 
Institute of Technology in preparation of the graduation thesis of Mr. 
B. G. Buttolph. The results are deemed worthy of attention on 
account of the paucity of such material. 

The equation for the flow of steam from a straight uniform tube of 
large diameter into a straight uniform tube of small diameter is 

^f^--*V<2 + ^-''-'-^*''*+^-~^* + ^*^(A-A), (0 

in which A is the reciprocal of the mechanical equivalent of heat, and g 
is the acceleration due to gravity ; Q is the heat given to the stream at 
the orifice where the small tube joins the large one ; w^ is the velocity 
in the large tube at a distance from the orifice, and w^, the velocity in the 
small tube also at a distance from the orifice ; /« and /j are the pres- 
sures in the tubes A and B, /« being the larger, and r^ r^ are the latent 
heats of vaporization, and g^ and ^^ the heats of the liquid, correspond- 
ing ; x^ is the part of one unit of weight of the fluid in the tube A, 
which is dry steam, and i —x^ is the part which is water mingled with 
the steam ; x^ is the corresponding quantity for the tube B. Finally, a 
is the volume of one unit of weight of water. 

It is assumed that neither tube gives heat to the steam or receives 
heat from it, and that the friction of the fluid on the sides of the wall 
can be neglected. The heat Q is supposed to be given at the orifice. 
It is commonly assumed to be zero, in which case the flow is said to be 
adiabatic. 

At and near the orifice eddies and irregular currents are likely to be 
of suflHicient importance to prevent us from knowing the condition of 
the steam ; consequently the properties /„, /&, and x^ Xf, must pertain 
to the steam only at such a distance from the orifice that the flow is 
steady. 

In these experiments the velocity zc/« was so small that it could be 
neglected. At the same time we may assume the flow to be adiabatic, 
and thus reduce equation (i) to 

* Read before the American Society of Mechanical Engineers, October, i8S8. 
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A^ = x^r.-x 



* + ?.-S'. + -4<'(A-A)- 



The value of x^ must be dctcrniined by experiment, x^ can then be 
determined by the equation 



-#+ 



J?^ 



r + 



rt,<di 

Jt, T' 



(3) 



which applies to any adiabatic change of a mixture of a liquid with its vapor. 
In this last equation, T. is the absolute temperature of the steam in 
the tube A, and Ti that of the stream in the tube B. c is the specific 
heat of water, and | — ia the entropy of the liquid above that at 
freezing point. 

If the area of the cross-section of the tube be N, then the volume 
per second is 

and the weight per second G is obtained by dividing by the specific 
volume 

l\ = x^u^ + a, 

in which k, is the increase in volume of one unit of weight of water 
when it is entirely vaporized. Therefore 

G = -^. (4) 



The tube used in these experiments was of brass, 0.275 ^f *" \ti^ 
internal diameter and eight inches long. At the entrance end a plate 
I \ inches in diameter was driven on flush with the end of the tube, and 
the orifice was well rounded to avoid contraction. This tube was the 
tube B, and led from an iron pipe six inches in diameter and two feet 
long, which formed a chamber in which the steam came to rest, and 
from which it was led to a surface condenser. 

The two pieces of six-inch pipe were capped on the outer ends, and 
had flanges on the inner ends, between which was a plate holding the 
experimental tube. The whole apparatus was lagged on the outside, 
and the plate holding the brass tube was covered on both sides with 
about four inches of asbestos to prevent the flow of heat from one part 
of the apparatus to the other. 

Steam was led to the apparatus by a lagged pipe one inch in diameter, 
and away from it to the condenser by a pipe of the same size. Each of 
these pipes had a valve near the apparatus. The valve in the supply 
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pipe was used merely to shut off the steam when the apparatus was not 
in use, and during an experiment it was wide open, so that the pressure 
in the tube A was full ^boiler pressure, or nearly so. The valve in the 
exhaust pipe was manipulated to maintain the desired difference of 
pressure between the two parts of the apparatus. Each chamber of the 
apparatus was supplied with a good steam gauge, and with a thermometer 
in a long brass cup filled with oil. The gauges were compared with a 
mercury column in the laboratory, and the thermometers were calibrated, 
and their freezing and boiling points were determined. The exhaust 
steam was condensed in a small surface condenser and weighed in a 
tank. 

The experiments were begun after the apparatus had been running 
steadily for some time, and lasted about half an hour. 

Steam for the experiments was drawn from the main steam pipe, and 
as the supply pipe had a drip near the apparatus which remained open 
during an experiment, it was assumed that the quality of the steam was 
the same as that in the main pipe. A large number of experiments with 
different types of calorimeters gave i^ to 2 per cent of moisture in the 
steam. Later experiments with a new type of calorimeter, described in a 
paper presented to this meeting, gave under normal conditions i to 1.5 
per cent of moisture. With a large difference of pressure the steam 
after coming to rest in the chamber beyond the tube, was superheated, 
and by the method employed with the new calorimeter the amount of 
moisture could be calculated, giving the same result. 





Pressure of 
Steam 

in front of 
Tube. 


Pressure of 

Steam 

beyond Tube. 


Difference 
of Pressure. 


Flow of Steam 

per Hour 
by Tank in 
Pounds. 
Gt 


Flow of Steam 

per Hour, 

Calculated in 

Pounds. 

Gc 


Gt 
Gc 


1 


69.1 


4.4 


64.7 


ll"^,^ 


182.3 


1.260 


2 


69.6 


9.7 


59.9 


230.4 


211.2 


1.091 


3 


713 


14.8 


56.6 


242.0 


233.4 


1.037 


4 


69.1 


19.4 


49.7 


232.0 


242.2 


0.958 


5 


70.0 


24.5 


46.5 


234.5 


256.6 


0.914 


6 


70.3 


29.1 


41.2 


229.0 


261.5 


0.876 


7 


72.0 


34.2 


37.8 


232.0 


268.9 


0.860 


8 


72.0 


39.5 


32.5 


221 A 


266.9 


0.830 


9 


71.6 


44.2 


27.4 


216.5 


260.1 


0.833 
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As the more recent data were not available till the work was nearly 
complete, the moisture was assumed to be 2 per cent in all the calcula- 
tions. The error from this source is inconsiderable. 

The data and results of the experiments are given in the following 
table, and are plotted in the accompanying diagram (Fig. 10). The ab- 
scissae are differences of pressures, and the ordinates the ratio of the 
actual flow to the calculated flow. The curve on the diagram is in- 
tended merely to show the degree of regularity of the experiments more 
readily. 

The table will be readily understood from the headings. It should, 
however, be noted that the calculated flow per hour is 3600 times that 
given by equation (4). 



/ 


r 


7 


^ 




» — 1 — 1. I i 1 ^ 



The ratio of the actual quantity to the calculated quantity, if the 
theory were entirely applicable to this case, should resemble the coeffi- 
cient of flow for water through a short pipe, and should not be greater 
than unity. The marked, though regular, increase of this ratio with 
the increase of the difference of pressure, and the fact that, for the 
larger differences, this ratio is larger than one, shows conclusively that 
some of the assumptions are inadmissible. 

It is not improbable that heat is given by the steam to the tube at 
the admission end, -and regained by the steam towards the exit end. 
Such an interchange must influence both the condition of the steam at 
orifice and the rate of flow. The well-known phenomena of cylinder 
condensation and reevaporation in steam engines show that such an 
action may be energetic. It is also possible that the length of the tube 
is not sufficient to ensure a steady flow. 
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It is noticeable that the weight of steam discharged by the tube has 
a maximum, which is for a difference of pressure of about 35 pounds by 
the equation, and for a difference of pressure of about 55 pounds by 
experiment. 

Some earlier experiments of this year are not recorded, on account 
of discrepancies due to the imperfection of the methods, and for the 
same reason experiments of two preceding years are excluded. 

In such a series of experiments the superior pressure should be the 
same for all of the experiments. Some of the irregularity of the results 
may be chargeable to the fact that the boiler pressure was not the same 
on different days. 

In closing, it should be stated that all the work of experiment and 
calculation was done by Mr. Buttolph. 

Massachusetts Inshtute op TechnologYi 
October, 1888. 
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A SIMPLE CALORIMETER* 



Bv C. H. PEABODY. S.B. ' 

A CALORIMETER for determining the quality of moist steam has been 
devised by the writer, which depends on the property that dry steam 
is superheated by wire drawing, and which appears to have valuable 
features. 

The first calorimeter of this type, made and used in the laboratory 
of the Massachusetts Institute of Technology, was made as follows : A 
piece of pipe six inches in diameter and ten inches long was capped at 
each end. Into the upper end was fitted a half-inch pipe, bringing the 
steam to be tested, a thermometer cup, and a steam gauge. From the 
lower cap an inch pipe led away the exhaust steam. The supply pipe 
brought steam from the main steam pipe nearly over head. Near the 
calorimeter was a T which formed a pocket, with a drip at the lower 
opening, and a branch from the side opening leading to an angle valve 
in the upper cap of the condenser. The pipe further was well wrapped 
with hair felt, and it was assumed that the steam had the same quality 
as in the main pipe. The calorimeter itself was wrapped in asbestos 
board and hair felt, and covered with Russia iron. 

Two other calorimeters have been made which differed from the first 
only in size. One is made of a piece of two-inch pipe eight inches long, 
and the other of a piece of four-inch pipe of the same length. The 
only difference in the action of these three calorimeters appears to 
be that the smaller ones are more sensitive, i.e., they respond more 
quickly to any change of condition. 

To make an experiment, the valve in the supply pipe is opened a 
slight amount, about one-eighth of a turn, and a valve in the exhaust 
pipe is regulated to give a suitable pressure in the calorimeter. After 
the gauge and thermometer attached become steady, their readings are 
taken together with the reading of the boiler gauge. 

If p is the boiler pressure, then r is the heat of vaporization, and q 
the heat of the liquid corresponding, and x may represent the dry 
steam in one pound of the mixture drawn from the main steam pipe, 
so that I — .r is the water or priming. The heat in one pound of 
the mixture is xr -(- q. 

• Read beTote Ihe American Society of Mechaniad Enginccra, October, 1888, 
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Let pi be the pressure in the calorimeter, and Xi the total heat, and /^ the 
temperature corresponding. Let /, be the temperature of the super- 
heated steam by thermometer. Then the heat in one pound of steam 

in the calorimeter is 

^1 + ^, (/.-A), 

in which c^ is the specific heat of the superheated steam at constant 
pressure (0.4808). 

Assuming that no heat is lost, 



^r + ^ = Xi + r, (/.-A); 



and the priming is 



I —or. 



(I) 
(3) 



The following experiments were made on the first or 6" calorimeter. 
The boilers were forced during the test to supply an unusual draught 
of steam for heating and other purposes, and the pressure was less than 
the usual pressure in the main steam pipe, and fluctuated during 
the test. 

Table I. — Tests on the 6'' Calorimeter. 



Gauge Pressure. 


Temperature in the 
Calorimeter F. 


Priming. 


BoUer. 


Calorimeter. 


71.2 


38.5 


286.7 


0.011 


60.3 


26.8 


271.8 


0.012 


63.0 


17.5 


264.9 


0.013 


60.6 


7.0 


258.8 


0.011 


69.0 


3.7 


258.1 


0.012 





After the smaller calorimeters were completed, all three were set up 
and compared. In Table II. the several groups of two and three exper- 
iments were made simultaneously. 
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Gauge Pbbub. 


ii«ui F. 


Frimiiig. ^^H 


BoUcr. 


CilorimeleT. 


2" 


71J 
71.3 


37J 

3S.3 


288.1 
288.9 


^^H 
^^1 


6" 
4" 
2" 


S7.0 
S7.0 

S7.0 


9.5 
8.4 

7.3 


246.2 
245.8 

24Z.6 




4" 

2" 


60.8 
60.8 


4.7 
4.7 


246.6 

244.0 


^^H 
^^H 


4" 
2", 


71.2 
71.2 


6.2 
6.5 


248.4 

243.4 


^^H 
^^H 


4" 
Z" 


73.0 
73.0 


6.6 
6.9 


2S1.Z 

250.5 


^^H 
^^1 


4^ 

Z" 


74.S 
74.5 


6.8 
7.0 


252.S 
251.6 


^^H 
^^1 


4" 
Z" 


75.5 
75,5 


6.2 
6,7 


253.4 
25Z.O 




6" 


69.8 


12.0 


268,2 


^^1 


«" 


69.8 


5.0 


253.4 


^^H 


A comparison of the several groups shows that all of the calorimeters ^^H 
give substantially the same results. ^^H 

A little consideration shows that this type of calorimeter can be used ^^H 
only when the priming is not excessive, otherwise the wire drawing will ^^^| 
fail to superheat the steam, and in such case nothing can be told about ^^H 
the condition of the steam, either before or after wire drawing. To find ^^H 
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this limit for any pressure /, may be made equal to 4 in equation (2) ; 
that is, we may assume that the steam is just dry and saturated at that 
limit in the calorimeter. Ordinarily the lowest convenient pressure in 
the calorimeter is the pressure of the atmosphere, or 14.7 pounds to the 
square inch. Table III. has been calculated for several pressures in the 
manner indicated. It shows that the limit is higher for higher pressures, 
but that the calorimeter can be applied only when the priming is mod- 
erate. 

Table III. 





Pressure. 




Priming. 


Absolute. 


Gauge. 


300 






2853 


0.077 


250 






2353 


0.070 


200 






1853 


0.061 


175 






160.3 


0.058 


150 






1353 


0.052 


125 






1103 


0.046 


100 






853 


0.040 


75 






603 


0.032 


50 






353 


0.023 



When this calorimeter is used to test steam supplied to a condensing 
engine, the limit may be extended by connecting the exhaust to the 
condenser. For example, the limit at 100 pounds absolute, with 3 
pounds absolute in the calorimeter is 0.064 instead of 0.046 with atmos- 
pheric pressure in the calorimeter. 

In case the calorimeter is used near its limit, that is, when the super- 
heating is a few degrees only, it is essential that the thermometer should 
be entirely reliable, otherwise it might happen that the thermometer 
would show superheating when the steam in the calorimeter was satu- 
rated or moist. In any other case a considerable error in the tempera- 
ture would produce an inconsiderable effect on the result. Thus, at 100 
pounds absolute with atmospheric pressure in the calorimeter, 10® F. of 
superheating indicates 0.035 priming, and 15® F. indicates 0.032 priming. 
So also a slight error in the gauge reading has little effect. Suppose 
the reading to be apparently 100.5 pounds absolute instead of 100, then 
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with 10° of superheating the priming appears to be 0.033 instead of 
ao32. It is, however, to be remarked that no gauge is to be trusted for 
such work unless it has been compared with a correct mercury column. 
It is of interest to compare this calorimeter with the Barrus super- 
heated steam calorimeter," more especially as that calorimeter can be 
roost advantageously applied with steam of moderate or low pressure, at 
which the new calorimeter has a narrow limit. It is scarcely necessary 
to recall the fact that in the Barrus calorimeter the steam to be tested 
is dried and superheated in an instrument resembling a surface conden- 
ser, by a stream of highly superheated steam. To show the difference 
between the two types of calorimeter, the following table has been cal- 
culated on the assumption that the sujJerheated steam has an initial 
tanperature of 500°, and a final temperature of 10° above the temper- 
ature of saturated steam of the given pressure, while the moist steam is 
supposed to be dried and superheated 5°. It will be seen that the limit 
under these conditions is widest for lowest pressures, and that it is nar- 
rower at high pressures than that of the new type. While the limit is 
determined by arbitrarily assumed conditions, it is believed that it will 
be found narrower rather than wider in practice. 

Table IV. — Bakrus Superheated Steam Calorimetek. 





Pruur. 




Primbg. 










Ab«J.«. 






Cuge. 




50 






35.3 


0.170 


75 






60,3 


0,095 


100 






185,3 


0.085 


IZS 






110.3 


0.078 


150 






13S.3 


0071 


175 






160.3 


0.065 


ZOO 






1S53 


0.059 


2S0 






235,3 


0.049 


300 






285.3 


0.040 



• Ttaia. A. S. M. E,. Vol. VII. p. 178, ind VoL VIII. p. 135. 
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.,r.-r''AVV CARS BY STEAM FROM THE LOCOMOTIVE.'' 

By GAETANO LANZA, S.B., C. and M.E. 

Iq tkn K*uifvad Commissioners of the State of Massachusetts: 

ViKNTtEMEN : — In accordance with your directions I have made an 
iuvcat ligation of the methods in use by such of the railroads in the 
State of Massachusetts as heat their cars by means of steam taken 
from the locomotive, and also of those in use by the Atchison, Topeka, 
& Sante Fe, and I would respectfully present the following report : — 

There is, of course, as in any new and important departure, a large 
number of devices proposed by this, that and the other individual 
whose chief object is to produce a system on which he can obtain 
a patent, and then to get the system adopted as a whole by as many 
roads as possible, so that he may derive the most profit possible from 
his patent rights. 

While the railroad companies in this State are nominally using, as 
a rule, some one or more of the so-called systems, they have in many 
cases been trying the different appliances, more or less regardless 
of the systems, and the subject will be treated in this report from 
the latter point of view, the different methods for accomplishing any 
one special object being discussed together, and not as forming a part 
of a certain so-called system. 

We may, therefore, classify the subjects to be considered as fol- 
lows : — 

1. The Means of coupling the Steam Pipes of the Cars to- 

gether. 

2. The Means of reducing the Locomotive Pressure before it 

REACHES THE TrAIN. 

3. The Means of disposing of the Condensation. 

4. The proper Piping in the Cars to give the Necessary Ra- 

diating Surface, and Freedom of Circulation. 

5. The Proper Valves to be used. 

6. The Disposition of the Main Steam Pipe. 

7. The Use of Live Steam, Exhaust Steam, or Water. 

8. Auxiliary Boilers under the Cars. 

* Report to the Railroad Commissioners of the State of Massachusetts, June, 1888. 
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9. Means of regulating the Heat in Moderate Weather. 

10. Means of taking Care of Cars when stored away, 

11. Individual Heaters. 

12. Tests to determine the Amount of Steam used. 

13. Experience of the Roads. 

14. General Remarks. 

couplings. 

There is a large number of steam couplings in the market, each 
so-called system having a different one. Indeed, it might be said that 
the differences in the couplings, form one of the most distinctive 
features of the systems. No detailed description of them is necessaryi 
but the (ollowing distinguishing features should be mentioned: — 

While the greater part depend for flexibility on a flexible rubber 
hose, there are some which claim as a specially good feature that they 
are made entirely of metal. Such couplings depend for their flexibility 
upon ball joints and shp joints. Experience has shown that they wear 
out and teak badly in a very short time, so that this class of couplings 
may be pronounced unsuitable. 

A feature which exists in a number of couplings and is undoubtedly 
good is the property of automatically uncoupling whenever the cars 
break apart. This feature is enjoyed by the Sewall, the Wcstinghouse, 
and some other couplings. In this class, also, each part of the coupling 
is attached to a piece of hose attached to the main train pipe of each 
car, and these couplings should be, and generally are, interchangeable, 
each half being like the other half. The lightness in such couplings 
is insured by the force of gravity causing the rubber gaskets, which 
should be of hard rubber or some similar composition, to press against 
each other. Such couplings need a certain length of hose, and, of 
course, form a pocket between the cars which might be supposed to 
collect condensation water, but which, as far as observed, does not 
present this difficulty. 

Some couplings consist of one piece of hose intermediate between 
two metallic portions to which it is permanently attached, so that this 
entire portion can be taken off without making up any joints. These 
couplings have either metallic surfaces in contact, or else rubber 
gaskets, and are usually made tight by means of a screw. If the train 
were to break apart, they would not uncouple, but would have to break. 
Moreover, it does not seem probable that a metallic joint can be kept 
as tight as a gasket, unless it be more carefully handled than it is likely 
to be in the regular service of a railroad- 
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In conclusion, it is very important that all those roads that are at all 
likely to interchange cars should adopt the same coupling, even though 
they have nothing else alike. 

The following considerations favor the adoption of the Westinghouse 
air-brake coupling : — 

The train hands are all familiar with its management. 

The patent expires shortly, and the payment of royalty would be 
avoided 

The three-quarter inch coupling, now used for the air brake, would 
doubtless be too small, and it would be necessary to adopt the one and 
one-half inch coupling. Also, it would be necessary to have the gaskets 
made of hard rubber or of some similar compound and not of soft rubber. 
The Boston & Albany and the New York & New England railroads 
have already tried the Westinghouse couplings, and they work well 

REDUCING VALVES. 

In regard to the means for reducing the pressure of the steam before 
it reaches the train, the most primitive way is to introduce, into the 
pipe leading to the train, an ordinary globe valve and to require the 
engineer to regulate it by hand so as to produce the proper pressure on 
the train. Some do this from choice, and others because they have 
been unable to find a reducing valve that did not get out of order. 
Some of those who use a globe valve add a safety valve, which blows 
off at a certain pressure, and thus warns the engineer that the globe 
valve wants attention. Nevertheless, the proper way to accomplish the 
object is to introduce into the pipe a reducing valve, which, when once 
set, will keep the pressure on the train uniform without the necessity 
of constant adjustment by the engineer. 

There are many reducing valves in the market, but when they are 
subjected to high pressures and not handled with more than ordinary 
care, they too often fail. This failure is often due to their extreme 
delicacy and to the difficulty in keeping lubricated certain parts which 
are exposed to very high temperatures and require specially good lubri- 
cation. These valves generally have some kind of flexible diaphragm, 
and the possibility of making such a valve succeed, under trying circum- 
stances and long usage, is questionable. On the other hand, valves 
composed of pistons of different sizes have been tried, but not to any 
great extent, and the most that can be said is that there is promise of 
success in this quarter. 
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The means of disposing of the condensation without letting it freeze, 
and thus burst the pipes or other connections, is one of the most serious 
questions of all those connected with steam heating. Even the so- 
called frost-proof traps freeze up at times. 

First as to the object of any trap. 

In some of the so-called systems the steam is taken into each car 
from a cross or a T in the main steam pipe under or in the floor of the 
car, and that portion which condenses in any one car must be drained 
from that car. and does not pass into the next. Of course this draining 
can be accomplished by means of a simple globe valve without any trap 
at all ; but if this is done, the following difficulties arc met : — 

U the valve is closed while the train is running, too much condensa- 
tion water may collect before it can be let out, thus getting water into 
the main pipe, and preventing a good circulation of the steam and, at 
the same time, permitting the conden-sation to cool in thi; lower part of 
the pipe, and perhaps even freeze and burst the pipe. If, on the other 
hand, the globe valve is left open enough to avoid the aboveMdescribed 
dangers, there is leakage and consequent waste of steam, and this may 
amount to a good deal, especially when the jarring of the train causes 
the globe valve to open wider during the run. These objections become 
serious on through trains, and in all cases where the times between 
stations are long and the stops short, and where the management of the 
valves is intrusted to green hands ; but on roads where the times between 
stations are short, and where the work is only intrusted to well-drilled 
hands, the objections stated above are not valid. Thus on the Con- 
necticut River road and on the Boston, Revere Beach & Lynn there is 
no trouble of this sort, and traps could easily be dispensed with. Indeed, 
there is never any difficulty with frozen traps in the case of roads where 
the cars are kept warm all the time, whether running or standing still, 
but there is difficulty when cars have to be left for long periods in the 
coid with no heat supply. By the Martin, the Emerson, and several 
other systems, each car is drained separately. 

In the Sewall system the steam passes from the main pipe into a 
valve in the middle of the car. If this valve is wide open, the whole, 
and if partly open, a part, of the steam passes through the car back to 
the main pipe, from which the condensation may be drained off by a 
trap or by the globe valve if it is open wide enough. If the trap or 
valve is closed, the whole of the condensation is forced back into the 
rear car, and from the end of the main pipe of the rear car it is blown 
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out. This is the method most commonly used on the Old Colony and 
the Fitchburg railroads during the run, both of these roads using the 
new style Sewall valve. If the valve or trap is partially open, a part is 
disposed of in each way. When the old style valve is used, they are 
more likely to depend upon the trap to drain the entire condensation of 
the car. When the condensation is all forced back and globe valves are 
used instead of traps, it is customary to make use of the valves only on 
two occasions : — 

{a) On heating up, to drain the condensation when the steam first 
starts through the car. 

(b) On putting the cars away, to drain the main pipe thoroughly, so 
as to avoid all danger of freezing. For these purposes the globe valve 
works much better than the trap, as the latter does not furnish a suffi- 
ciently free exit for the steam, and freezing ensues when the cars are 
exposed without heat. There is an increasing tendency with those who 
use the Sewall system to discard the Sewall trap and use a plain globe 
valve. This is done on the Fitchburg and on the Old Colony roads. 

The idea at the basis of most of the traps, whether those used to 
drain the main pipe or the car, is that the contraction and the expansion 
of some expansible metal or liquid, due to different degrees of tempera- 
ture, shall respectively open and close the valve, — thus opening to let 
out the wat^r, but closing to keep in the steam. This is effected by 
causing' the trap to close at a certain fixed temperature which, if the 
steam in the car were at atmospheric pressure, would be 212 degrees 
Fahrenheit. 

The operation of the trap is supposed to be as follows : While the 
pipes are full of steam, so that the expansible metal is exposed to the 
temperature of the steam, it expands, closing the valve, and the trap is 
closed ; but when the steam condenses, so that a certain amount of con- 
densation water collects in the bottom of the pipes, this water comes in 
contact with the expansible metal. As this water at first is practically 
at the temperature of the steam, the trap does not open immediately ; 
but when the water nearest the trap cools down, the expansible metal 
contracts, the valve opens, and the water escapes. As soon as steam 
replaces the water, the metal is supposed to expand again and close the 
valve. The principal difficulty with these traps seems to be that, when 
the cars are set off in a cool place, they either do not act promptly 
enough, or else the little slow drip freezes on its way out, and the pas- 
sages being narrow, the trap gets frozen up, and also the pipes, and 
hence the steam, when let on again, does not get through. An attempt 
has been made to remedy this difficulty by means of the so-called frost- 
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proof traps, which have an opening at the top as well as at the bottom, 
so that even if the lower orifice is frozen, the upper one will furnish an 
outlet for the steam when it first comes in, until the lower one is thawed 
out and performs its functions properly. These traps have succeeded, 
on the whole, rather better than the others, but they can hardly yet be 
pronounced a success. 

The various traps in use may he classified as follows : — 

{a) A species of box trap, such as the Sewall or the Curtis. 

ip) A species of trap known as a thermostatic trap, which may be 
illustrated by the Martin or by a trap devised and used by Mr. Henney, 
superintendent of motive power of the New York & New England 
Railroad. 

Both kinds have similar troubles and at times freeze up. 

There is another way of taking care of the water of condensation, 
which, though it has not yet had an extensive trial, seems to afford the 
means of avoiding frozen traps. It is the method adopted by Mr, George 
A. Houston of the Atchison, Topcka & Santa Fe Railroad. The method 
which he has been using the past winter consists in having under the 
car a tank into which the condensation falls, and from near the bottotti 
of this tank proceeds a small pipe running up into the car, and emptying 
at the top into a tank above the floor and within the car. The action is 
as follows : At first on beginning to heat up, all the pipes and both tanks 
are full of steam. As soon as condensation has taken place, sufficient 
to seal the entrance to the small pipe, the steam in the upper tank is 
separated from the other. Then, on cooling, the pressure decreases, 
and the excess of pressure in the lower tank sends the water up into the 
upper tank. The original idea of putting the tank under the car was to 
make it serve as an auxiliary boiler, but Mr. Houston, recognizing the 
objections to having a tank under the car, is now fitting up a large 
number of cars with a similar device, where, however, there is no auxil- 
iary boiler, and where in place of the lower tank there is a small box or 
trap just below the upper floor, from which proceeds the small pipe, and 
the upper tank is not set on the floor, but somewhat higher up. The 
effect of this is that the condensation water is collected in this upper 
tank, and thus it is in no danger of freezing, and also it gives out some 
heat through the walls of the tank into the car. It also furnishes hot 
water for cleaning up. When the car is set off, a suflficient number of 
valves are opened wide, and the water is all drained off. 

No system of draining off the condensation water can be efficient 
without the means of properly venting the pipes and letting in air. 
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MAIN pipe; radiating pipes and valves. 

It seems to be most common to use one and one-half inch pipe for 
the main pipe. Some have used one and one-fourth inch, but one and 
one-half inch is more common and gives better satisfaction generally. 
As to the location of this pipe, it is most frequently placed under the 
middle of the car, wrapped, of course, in hair felt, or some other non- 
conducting covering. A better way is to place it between the sills and 
box it in. In this case it is also wrapped, and the surrounding wood- 
work should be protected by tin or sheet iron. Another and a better 
way yet is to place it inside the car on one or both sides ; in this case 
it is not wrapped, but forms part of the radiating surface. The chief 
objection to this last arrangement is that the heat cannot be entirely 
shut off from one car without shutting it off from all the cars behind 
it. Another objection is that the passages are a little more crooked ; 
but this is more than counterbalanced by gain in heating power. 

On account of the exposed conditions of the car the radiating sur- 
face should be considerably more than would be required in a building. 
On the Boston & Albany road they have one square foot of heating 
surface for each twenty-five cubic feet of space in the car, or one square 
foot of heating surface for every thirteen square feet of exposed sur- 
face, including floor, roof, and walls. Of the 2265 square feet of 
exposed surface 240 are glass. On the Old Colony road they have one 
square foot of heating surface for each twenty-six cubic feet of space 
in the car, or one square foot of heating surface for each thirteen and 
four-tenths square feet of exposed surface. Of the 2344 square 
feet of exposed surface 277 are glass. The above are reasonable 
proportions. 

In regard to the size of the pipes to be used for radiating pipes, an 
opinion based upon experiment cannot be given. As the following 
conclusions are based on observations only, they may be imperfect. 
It is desirable to so arrange the pipes that there may be as little 
obstruction as possible to the flow of steam. It is probable, therefore, 
that one and one-half inch pipe is better than one and one-fourth inch, 
and two-inch pipe better than one and one-half inch. The larger the 
pipe also, the shorter will be the length of pipe needed. Moreover, 
there is reason to believe that where two-inch pipes are used, the time 
of heating up is less than where one and one-fourth inch pipes are 
used, and also that the proportion of the pressure realized in the last 
car is greater. Nevertheless, in the cases of one and one-fourth inch 
pipe which have been examined there have been other causes for an 
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increased resistance. Hence it may be that all necessary freedom 
of circulation can be secured with one and one-fourth inch pipe, though 
indications point to two-inch pipe as preferable. 

The connection between the main steam pipe and the radiating 
pipes should be as free as possible, and it is desirable that the steam 
should not have to pass through the radiating pipes of one car before 
entering the main pipe of the next. So also the condensation of 
each car should be drained off from that car and not returned to the 
main pipe. The most primitive way is to have in the main pipe near 
the middle of each car a cross from which proceed the pipes that 
lead steam into the radiating pipes on each side of the car; then 
a globe valve is placed in the main pipe on each side of the cross, its 
only use being to shut off the rear end of the main pipe when the car 
is the last car in the train. 

Such a system works all right if proper care is taken of it, but it 
is desirable to reduce the number of valves needing attention, and 
also the danger of leakage by the use of some more complicated single 
valve, which can perform the necessary service and at the same time 
be more free from liability to leak. In choosing between the different 
devices, the amount of the reduction of pressure of steam in its passage 
through the train is therefore a most imoortant consideration, and this 
should be as small as possible. 

A train should be heated without having high-pressure steam on any 
car ; for if, in order to get sufficient heat into the rear car, it is neces- 
sary to have a very high pressure in the first car, in that car there will 
be the danger of an explosion or of blowing off an end. This consid- 
eration also enforces the importance of freedom from resistance. The 
above is also a reason why a good and reliable reducing valve is a 
desideratum. 



EXHAUST STEAM, LIVE STEAM, OR WATER. 

The main difficulty with any system of heating by means of water 
stored in a reservoir, and heated up by steam outside or inside of it, is 
the length of time required to heat up the cars in cold weather, because 
while the steam is heating the water it cannot be heating the car to the 
same extent as it would if not required to heat the water. A hot-water 
circulation seems to be better adapted cither to heating in moderate 
weather, or else in cases where individual heaters, like the Baker or 
Johnson heater, are used, and fire is kept in them nearly all the time. 

Exhaust steam is very much needed in the locomotive to generate 
the draught, and it is certainly a serious question whether any of it can 
be spared to heat the train. 
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Any system which attempts to heat with exhaust steam is liable 
either to cause back pressure on the cylinder or else to spoil the 
draught. Either of these results is very detrimental to the running 
of the locomotive. Mr. Houston of the Atchison, Topeka & Sante Fe 
Railroad has used a system utilizing exhaust steam which is open to 
the above objections to a slight degree only, if at all. The steam 
is taken from a point about half-way down the exhaust nozzle by a 
pipe, and enters the pipe in the direction of its flow, thus utilizing its 
velocity to send it into the train pipe. A series of check valves retain 
the maximum pressure in the train. 

He also uses a peculiar valve by means of which exhaust steam is 
admitted whenever the throttle valve is open, and whenever the throttle 
is closed live steam is used, so that the heating up is all done with live 
and not exhaust steam, and it is perfectly possible at any moment to 
shut off the exhaust steam and admit live steam instead. 

The system, at the time when the examination was made, had been 
run on three cars in line only, and is reported to have succeeded in the 
very coldest weather in heating them thoroughly. Whether there will 
be sufficient exhaust steam to spare to heat a line of eight or ten or 
twelve cars is not yet demonstrated, nor have any tests yet been made 
to determine the eflfect, if any, upon the back pressure or upon the 
draught, though none has been noticed in the running of the engine. 

Another difficulty is that when exhaust steam is used, oil is liable to 
get into the pipes and valves, which therefore need frequent cleaning. 

All the above leads to the conclusion that the main reliance must be 
upon live steam, with a possible use of exhaust steam when, and if, it 
can be spared. 

No return system has been investigated, as none is used on the rail- 
roads of the State. 

AUXILIARY BOILERS. 

The roads that have auxiliary boilers under their cars are making 
less and less use of them. The plan of having the fire under the car 
is believed to be radically wrong, and more dangerous than a fire in the 
cars, for it is not accessible during the run, and if the train is stalled in 
a snow-drift, the auxiliary boiler becomes practically useless. 

REGULATION OF HEAT IN MODERATE WEATHER. 

There is not in use on the Massachusetts roads any successful device 
for regulating the heat in moderate weather, other than by shutting off 
the steam and opening the ventilators and windows. Mr. Houston has 
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a scheme in contemplation, but has not yet put it in practical operation, 
and one has been in use the past winter on the Chicago, Milwaukee & 
St, Paul, but no personal examination of it has been made. 



CARE OF THE CARS WHEN STORED AWAV. 

As the locomotive generally cannot be attached to cars for such 
length of time before they are to start as will be required to heat them, 
it will be necessary at all the principal stations, and, perhaps, at all the 
stations where cars are left, that there should be either a stationary 
boiler or else one or more locomotives specially devoted to heating cars, 
and that pipes or hose should lead from the boiler to those points where 
cars will stand when they are to be heated. For this purpose an ordi- 
nary low-pressure boiler would be sufficient, and it could also be used to 
heat the station. 

This method is adopted by the Boston & Albany at Boston and South 
Framingham, and by the Connecticut River at Springfield. It would 
certainly be the method to be adopted by most roads at all stations 
where they have occasion to leave cars in the cold for any length of 
time. Some roads, especially the Old Colony, are, however, obliged to 
leave cars at so many stations that it would be at least a hardship to be 
obliged to have a stationary boiler at each one of them. 

It is an open question whether there is any other feasible means of 
heating up cars at the smaller stations where only two or three cars 
are left. 

It having been suggested that oil stoves might be used for this 
purpose, the following experiments were made to determine their heat- 
ing powers. 

Two oil stoves, each having four burners, each burner being four 
inches long, and each stove having a sheet-iron radiator, were placed 
one at each end of a car sixty feet long with the following result : — 



EXPERIMENT NO. I. 

Stoves put in and lighted, — 

9.5s A.M, Outside temperature, 38.3 

Average temperature in car, ...... 42,4 

11.30 A Ji. Outside temperature, 39.1 

Average inside, C1.9 

ij.io P.M. Outside temperature, ........ 39.2 

Average inside, 63,3 

1.05 P.M. Outside temperature, 39.1 

Average inside 67,4 
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The fire was then extinguished, and another observation taken at 

345 P.M. Outside temperature, 36.5 

Average inside, 52.7 



EXPERIMENT NO. 2. 

Same arrangements, except that the radiators were not used. 

March 14. — Fire started, — 
10.05 A.M. Outside temperature, 
Average inside. 



11.30 A.M. Outside temperature. 

Average inside, 
12.30 P.M. Outside temperature, 

Average inside, 
2.30 P.M. Outside temperature. 

Average inside, 
4.30 P.M. Outside temperature. 
Average inside. 

This experiment indicates the importance of the radiators 



36.5 

35-9 
35-6 
50.0 

36.5 

53-2 

36.5 

564 

374 
56.6 



EXPERIMENT NO. 3. 

In this experiment an extra three-burner stove was used in addition 
to the other two, all being provided with radiators. The following are 
the results : — 

March 17. — Fire started, — 
10.45 A.M. Temperature outside, 33.8 



Average inside, 
11.45 ^•^' Outside temperature. 
Average inside, 
1.30 P.M. Outside temperature. 

Average inside, 
2.15 P.M. Outside temperature, 
Average inside. 



45-8 

33-8 

57.2 

34.7 
63.8 

35-6 
65.6 



The experiments with oil stoves were therefore not encouraging. 
The odor, also, would be objectionable, if they were not properly 
trimmed. 

INDIVIDUAL HEATERS. 

These hardly come within the scope of this report, as the object has 
been to examine the methods of heating cars by the use of steam taken 
from the locomotive, and not by means of fires in the cars. Never- 
theless, they come in incidentally, to some extent, for the following 
reasons: — 
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I. Some of the steam-heating systems, notably the Wilder, and the 
jet system, used on the New York & New England, involve the use of 
the Baker heaters. 

Z. Another proposition is, to attach to the system an individual 
heater which could be used in case of an emergency. 

In the former case, whether the heat is derived from the locomotive 
or from the heater, a hot-water circulation is used to do the heating. 
Moreover, in this case, the heating up of the cars is generally done by 
building a fire in the heater and letting it die out just before starting. 
This, of course, involves the liability, if there is any carelessness on the 
part of the employees, of starting out with fire in the cars. More- 
over, if fire is not kept in the heater all the time when the cars are in 
the shed, there is danger of the water freezing, and hence of bursting 
the pipes. 

On the other hand, the second system is one which involves the use 
of steam, and not of water for heating. Hence the heater in the car is 
not used as a rule ; the only occasion when it is used being during a 
blizzard, when the cars are snow-bound and detached for some reason 
or other from the locomotive. This is an important item to provide for 
in the West, where such things are of frequent occurrence. On eastern 
roads, however, such an emergency so rarely occurs that it is question- 
able whether it would be worth while to make provision for it. Of 
course, if there are no individual heaters, it would be the duty of the 
locomotive to stay with its train when caught in a snow-drift. In order 
to insure a supply of coal it has been suggested that the heater should 
be of such a kind that the coal burned on the locomotive could be used 
in it. 

If a heater is used, there would be much less danger in using an open 
than in using a closed circulation, for the latter is liable to produce a 
heavy pressure on the pipes and perhaps lead to an explosion. 



AMOUNT OF STEAM USED IN HEATING CARS. 

There are all sorts of opinions and statements in regard to the 
amount of steam taken from the locomotive to do the heating. Some 
claim that the steam cannot be spared, and that the engine cannot make 
her time if called on for this extra duty ; and others, that it makes no 
perceptible difference in the running of the locomotive. Some even go 
so far as to say that all steam required for heating can be furnished 
through a hole in the boiler no larger than a pinhole. That neither 
extreme is correct is shown by the following experiments. It did not 
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seem to be worth while to undertake any very precise work to compare 
the amount of steam used, when this, that or the other appliance is 
used, or this, that or the other size, or amount of pipe, for it does not 
seem that, in the present stage of development of steam-heating, such 
information is required. 

The winter was so far advanced when the investigation began that 
there was not sufficient time to perform the work in such manner as to 
obtain indications as to the effect of each appliance upon the amount of 
steam used, and, moreover, at the beginning it was not at all certain 
whether the amount of steam used would form an element of any im- 
portance in the question. 

Such an investigation would have involved some very careful work in 
getting the same conditions of temperature outside and inside of the 
cars, and also in studying the effect of the wind. Other conditions also 
would have been required, which would have been at best difficult to 
obtain, and which could only have been obtained, if at all, with an empty 
train, and, if this were used, the results would not be those of practice. 

The attempt, therefore, has been made to obtain as nearly as may be 
the amount of steam used in an ordinary run in cold weather, leaving 
the train hands to manage the heating, as they usually do, which means 
that the cars are sometimes too hot and sometimes too cool, but generally 
somewhere near right. It also means that if they become too hot they 
will be cooled off, either by shutting off steam or by opening ventilators 
or windows. 

In view of all the above, the problem has been to determine, approx- 
imately, the amount of steam used with sufficient exactness to show 
whether it is likely to be a serious tax upon the locomotive. The appa- 
ratus used consisted of two lengths of six-inch flange pipe, as shown in 
the tracing, bolted together with a brass disk between them, — this disk 
containing a two-inch hole, into which is screwed a nicely made circular 
orifice. The steam enters the apparatus at one end and passes through 
the orifice, and then from the other end of the apparatus it passes into 
the main train pipe. The pressures in the different parts are regulated 
by two globe valves, — the first controlling the admission of the steam 
to the apparatus, and the second placed just beyond the apparatus to 
control its pressure on the train, so as to make it correspond to that 
ordinarily used. The pressures on each side of the orifice were shown 
by test gauges, and these and also the boiler gauge were read every five 
minutes during the run. • Afterwards, when the engine was in the round- 
house, the same conditions were repeated as nearly as possible, with the 
following exceptions : — 
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Instead of delivering the steam into the train pipe it was delivered 
into a short pipe with another globe valve, which regulated its pressure 
in this pipe to correspond with the pressure on the train. The prolon- 
gation of this pipe extended into a barrel partly full of cold water, where 
it was condensed and weighed. The steam for the train being taken 
from the dome it was assumed to be dry. At any rate it did not seem 
to be worth while, at that stage of the problem, to test it with a calo- 
rimeter. 

The steam was taken from the combination from which proceed all 
the pipes that take steam from the locomotive except the dry pipe. It 
is probable that the results were somewhat affected by the current in 
each of these pipes, which was, of course, more or less irregular; but 
these irregularities are precisely those which occurred on the run. 

A description of the experiments and the averages of the results are 
given, and some comments made upon them. 

The boat train on the Old Colony road and its locomotive, which Mr. 
Lauder kindly consented to have used for the experiment, was at the 
time running with four steam-heated cars, viz. : a combination baggage 
and second-class car, a smoker and two passenger cars, all fitted with 
the Sewall system, including the Sewall coupling and the new Sewall 
valve. There are two other passenger cars which are fitted with steam- 
heating apparatus, but they are only used in the busy season, 

The four cars stated above are first heated up by the engine, which 
is generally attached about 3 p.m. The train leaves the yard at 5.10 
P.M., reaches the depot at about 5.30 p.m., where it remains without the 
engine for half an hour, and starts at 6 p.m. for Fall River, arriving there 
about 7.20 P.M. 

There are, therefore, four cars in line during the heating up. When 
the train leaves the depot, however, two baggage cars are placed between 
the combination car and the engine. One of these cars is a platform, 
and the other a box, car. They are not heated by steam, but each has 
a steam pipe passing underneath, so that the steam has to pass through 

if pipe the length of these two cars before entering the four steam- 
led cars. The preliminary experiment to determine the size of orifice 

^red in our apparatus was made on Feb. 28, 1888. 

An orifice one-eighth inch diameter was put in, and on trying to heat 
np the cars in the afternoon, by letting the steam pass through this 
orifice, it soon became evident that they could not be heated in any 
reasonable time, if at all, so the apparatus was cut out of the circuit, and 
the train was heated up in the usual way. 

The experiment was then made to see if the one-eighth inch orifice 
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would be large enough to use on the run ; but as forty pounds pressure 
was needed on the train pipe in the cab, and as it was not possible to get 
more than five by the use of that orifice, it was demonstrated that an 
orifice one-eighth inch diameter was too small for the four cars. Next, 
a one-half inch orifice was substituted for the one-eighth inch, and this 
worked all right. It was none too large ; and it is probable that if the 
experiment had been made with six cars, with the thermometer below 
zero, a larger orifice yet would have been needed. As it was, the one- 
half inch orifice was used in all the tests. The results are as follows : — 



February 29. Heating up Cars in Shed. 

Pressure on train pipe in the cab. 
Let on steam, .... 
Steam through main pipe, . 
Condensation through first car, . 

second car, 

third car, . 

foiuth car. 



Four Cars in Line, 



it 



a 



u 
u 
It 





« 


40.00 lbs. 






' 3 


h. 


08 


m 






• 3 




12 








• 3 




15 








• 3 




21 








• 3 




30 








• 3 




52 





The temperatures were as follows : — 





FintCar. 


Second Car. 


ThiidCar. 


Fourth Car. 




Hour. 


Baggage 
Section. 


Second<lan 
Section. 


Outside. 
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The last car reached a required temperature of sixty-seven and a 
half degrees at 4.34. The pressures in the cab were as follows during 
this time : — 

Average boiler pressure, 152.8 lbs. 

Pressure on first part of apparatus, 100 " 

Average pressure on second part, 90 " 

Pressure on train pipe in cab, 40 '' 
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In the round-house two experiments were made, repeating as nearly 
as possible the above conditions, and the average result was, that the 
steam condensed in one hour twenty-six minutes, being the time con- 
sumed in healing up the train, weighed 386 pounds, 

EXPERIMENT NO. 2. 
Trip, Boston lo Fall River (roui steom-lieated cara), Feb. 39, iSSS. 

Time of starting, 6 p.m. 

Reached Fall River, 7.25 p.m. 

Time of Run, . . , , , . . . 1 h. 35 m. 

Average boiler pressure, 157.6 lbs. 

Pressure on train pipe in cab, 40 " 

Average temperature outside 27° 



" " of second-class car, ..... 67* 

" " of smoker, 6g° 

" " of third car, 71° 

" " of fourth car, 66° 

" " of smoker and passenger cars, , . , 69' 

The average of the round-house tests gave 474 pounds of steam 
in one hour and twenty-five minutes, which was equivalent to 334 
pounds per hour. During the trip a number of the ventilators were 
open. 

EXPERIMENT NO, 3. 
Trip, F»I1 River to Boiion ffour steun-heitcd cars), March i, i888. 

Time of starting, ......... 5.35 A.M. 

Reached Boston, ......... 7 a.m. 

Time of run, i h. 35 m. 

Average boiler pressure, '57-6 lbs. 

Pressure on train pipe in cab, 40 lbs. 

Average temperature outside, , . . . . ,27° 

*' " of baggage car 5*° 

" " of second-class car, 67° 

" " smoker, ....... 68° 

" " third car, 70° 

" " fourth car, ....... 66° 

" " smoker and passenger cars, .... 68° 

The average of the round-house tests gave 434 pounds of steam 
in one hour and twenty-five minutes, which is equivalent to 306 per 
hour. 
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The ventilators were not open as much as on the evening of the 
29th of February. 



EXPERIMENT NO. 4. 
Trip, Boston to Fall River (five steam-heated cars), March 5, 1888. 



Time of starting, 
Reached Fall River, . 
Time of run, 
Average boiler pressure, 
Pressure on train pipe in cab. 
Average temperature outside, 

baggage car, 
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second car, 

smoker, 

third car, . 

fourth car, . 

fifth car, 

in smoker and passenger cars. 



6 P.M. 
7.17 P.M. 
I h. 17 m. 
159.7 lbs. 
40 lbs. 

30' 

57' 

67' 

63' 
66' 

64" 
66" 

65° 



The average of the round-house tests gave 419 pounds in one hour 
and seventeen minutes, or 326 pounds per hour. This is not very 
much more than was used with four cars on the other trips, but the 
weather was warmer and the cars were not as well heated. 



EXPERIMENT NO. 5. 

Fall River to Boston (five steam-heated cars), March 6, 1888. 

Time of starting, . 

Reached Boston, . 

Time of run, 

Average boiler pressure. 

Pressure on train pipe in cab. 

Minimum temperature outside, 

Average temperature outside, 

baggage car, 

smoker, 

third car, 

fourth car, 

fifth car, 

in smoker and passenger cars, 




























u 



5.20 A.M. 
6.50 A.M. 

I h. 30 m. 
158.3 lbs. 

40 

14" 
19° 

61° 

70° 
67° 
65° 
67° 



The average of the round-house tests gave 570 pounds of water in 
one hour and thirty minutes, or 380 pounds per hour. 

It is to be observed, also, that the last two cars were not really warm 
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enough ; their temperatures on arriving in Boston were sixty-six degrees 
and fifty-seven degrees respectively, which shows that more than forty 
pounds pressure on the train pipe in the cab was needed. This was not 
furnished because the electric apparatus for signalling to the cab was 
out of order. 

SUMMARY. 

The amounts used per hour in the four trips were as follows : — 
First trip, 4 cars thoroughly heated, .... 334 lbs. 37° outside- 
Second trip, 4 cars well healed, 306 " a;" " 

Third trip, 5 cars insufficiently heated, .... 336 " 30° " 
Fourth trip, s cars poorly heated, 380 " 19° " 

The experiments, though not made with an extreme degree of accu- 
racy, nevertheless give the results to be expected in practice with steam- 
heated cars fitted up like those experimented upon with a sufficient 
degree of approximation to justify an opinion as to the tax upon the 
power of the locomotive, and they indicate that the amount of steam 
required is by no means inappreciable, and, on the other hand, that this 
amount is not, as a rule, a serious tax upon the locomotive, especially in 
view of the fact that at the time when steam heating is most needed, 
i.e., in the coldest weather, the travel on most roads is light. 

EXPERIENCE OF THE ROADS. 

The roads which have been visited are : — 

1. Boston & Albany. 

2. Old Colony. 

3. New York & New England, 

4. Boston and Providence. 

5. FlTCHBURG. 

6. Connecticut River. 

7. Providence & VVohcester. 

8. Boston, Revere Beach & Lvnn. 

9. Atchison, TorEKA & Santa Te. 

BoNton & Albany. — This road has been using nominally the 
Martin system, the main pipe being one and one-half inches diameter 
and under the middle of the car ; the radiating pipes being two inches 
diameter, two rows (i.e., one main and one return) on each side of the 
car, and spurs under most of the scats. The valve connecting the main 
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pipe with the train is a three-way plug cock. The condensation of each 
car is disposed of separately, by a trap of the thermostatic type. 

The road has been using a number of Martin couplings, but they 
leak badly. The Westinghouse one and one-half inch air-brake coupling 
has also been used with good success. At first, soft rubber gaskets 
were tried, but now hard rubber gaskets are used. The Curtis reduc- 
ing valve has been used, but it gets out of order, and then lets high- 
pressure steam into the train. 

The Mason valve is now being tried, but has not been used long 
enough to test it thoroughly. It has been put on an engine where the 
pressure was only 130 pounds, and there it has worked well, up to date. 

One hundred and forty cars and fifty-four engines have been equipped 
with steam-heating appliances, and trains of eight cars have been heated 
in this manner. 

The stations at Boston and South Framingham are piped from 
stationary boilers, and at Springfield a special locomotive is detailed 
for this service. Some traps have frozen up, but the trouble from this 
cause has not been serious. 

On a train of four steam-heated cars the pressure on the train pipe 
in the cab was found to be twenty pounds, that in the rear car was 
eight pounds, the temperature outside being twenty-three degrees 
Fahrenheit ; the cars were sufficiently warm. The precaution is always 
taken to open wide the Martin trap when the cars stop at a terminus. 
The mode of heating up is to shut off all the cars and let steam through 
the main pipe till the condensation is cleared out of it, then the radiators 
are opened successively, beginning with the rear car. 

Old Colony. — On this road six cars of the boat train have been 
fitted up with the Sewall system, including his new valve, and have run 
on that train during the winter. A main pipe has also been placed 
under two other cars, one a platform car and one a baggage car, which 
are always placed on the train next the engine, so that the steam has to 
pass through the main pipe the length of these two cars before reaching 
the cars to be heated. These six cars are, one combination baggage 
and second-class car, one smoker, and four passenger cars. Of these, 
two of the passenger cars have been used but little, so that generally 
the train consists of four steam-heated cars. 

Seven locomotives have been fitted for steam heating. This has 
been done so that there should never be any danger of having the boat 
train cold. All the seven locomotives were at first equipped with Curtis 
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^'alves ; one of them failed, and it was replaced by a Mason valve, which 
also got out of order. 

The traps have neariy all been taken off and globe valves substituted, 
and they work better than the traps. It requires at least two hours to 
heat up a train of six cars from zero degrees. The heating up is accom- 
phshed as follows: First shut off all the cars and let steam through the 
main pipe, then begin with the car nearest the engine and get the con- 
densation through that, then open the next car and so on. 

One of the chief difficulties met with on this road is the fact that 
there are no less than thirty-eight stations where they leave cars in the 
cold, the number of cars left at any one being from two to twenty. If 
continuous heating were introduced, probably a large number of these 
would have to be piped up with a stationary boiler or the equivalent. 

In heating up the train from forty to eighty pounds pressure is used 
on the train pipe in the cab, and in running with four cars about forty 
pounds pressure is generally used on the train pipe in the cab, while if 
it is very cold sixty pounds is used. The experiments for weighing 
steam having been made on this road, the working of the system has 
been examined pretty fully. 

In one case the elbows in the pipes connecting the main pipe with 
the cars were found to have hurst, probably by freezing. This car had 
a trap which probably did not drain. 

The Sewall couphng is used and it is generally tight ; but occasion- 
ally, when going round a curve, it pulls out and leaks, and then gravity 
is not able of itself to close it, so that it has to be punched in order to 
secure tightness. 

New York & New En^lnnd. — On the New York & New England 
road there are twenty-seven steam-heated cars; three of them are fitted 
with the Sewall system with the old style valve, and the remaining 
twenty-four are fitted with the safety system. Of thcs>; twenty-four, 
eleven are fitted with the jet system. 

On all the cars the Westinghouse air-brake coupling with a hard 
rubber gasket is used, instead of a soft rubber one, and these couplings 
have worked uniformly well. The valve used in the cab is not a reduc- 
ing valve but simply an ordinary globe valve. 

In the Sewall cars each car is drained separately, and in two of them 
the Sewall trap has been replaced by one of the thermostatic type made 
by Mr. Henney, the superintendent of motive power of the road. The 
main pipe for both these and the safety cars is one and one-fourth inch, 
and Mr. Henney considers this size large enough and finds no difficulty 
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in realizing a good portion of the pressure in the rear car of six or 
seven. 

In the case of the safety cars (not the jet system) he stated that with 
the steam in the coil and the water in the drum he did not succeed in 
obtaining a circulation, as the current of water was short circuited. He 
then changed and put the water in the coil and the steam in the drum, 
and now has no difficulty. 

In the case of the cars fitted with the jet system, where a jet of 
steam is forced into a water pipe near the Baker heater, an overflow has 
to be attached to the drum of the heater, which drains off enough water 
to make up for the steam added, and this overflow must be left open, 
thus giving an open circulation ; but there is a valve in this overflow 
pipe which can be closed when steam is not on and it is desired to run 
the heater under pressure by means of a fire. Mr. Henney is now 
putting his main pipes inside the car on one side, and the overflow of 
the heater drum forms his trap. Hence he may be said to have both 
main pipe and trap inside the car, in the case of the jet system cars. 

On the other hand, in the case of all the safety system cars, the heating 
up is practically done by means of fire in the heaters, and indeed fire is 
kept burning in these at all times when the locomotive is not attached, 
but is allowed to die down and is dumped just before starting. 

The following experience is instructive : On a very cold day the loco- 
motive was put on to heat a train at 8 a.m. The traps were at that time 
all frozen up. The train started at 8.30 a.m. The train consisted of a 
baggage car, smoker and one passenger car, all fitted with the Sewall 
system, while the other cars were heated by Baker heaters. The bag- 
gage car had a thermostatic trap, while the other two had the Sewall 
trap, and these two were both frozen up on starting. The cars were 
naturally cold on starting. The temperature of the smoker reached 
sixty-six degrees by 10.20 a.m., and the passenger car was still longer 
in heating up. 

No reducing valve has thus far been used, but one of the piston 
variety is soon to be tried. 

Boston & Providence. — On this road the Sewall and the Gold 
systems and a system of Mr. Richards, the master mechanic of the 
road, are being used and various experiments are being tried. The 
Sewall couplings are used throughout. The Ross and the Curtis reduc- 
ing valves have been tried and failures have been experienced with 
each. The Mason valve was also tried for a short time, and in one 
instance failed, owing to the valve getting clogged up with dirt. Mr. 
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Richards has also been trying to get up a valve made by means of two 
pistons, but thus far he has been using it mainly to fix the maximum 
pressure in connection with a throttle valve to regulate the pressure. 
The trouble he has had with the Ross and the Curtis valves has been 
that they get out of order on account of the delicacy of the parts. He 
has used a great variety of traps and has had them all freeze up, and he 
is now adding a valve to drain the water and to enable the trap to be 
thawed out. 

In heating six cars in zero weather on the run, Mr. Richards' aim is 
to limit the maximum pressure to forty pounds pressure in the cab. 

Mr. Richards' system is peculiar, mainly in the piping. The main 
steam pipe goes inside the car, near the floor in passenger cars and 
overhead in baggage cars. This main steam pipe forms one of three 
pipes of the radiator. There are two cross-overs, the traps being in 
these cross-overs. By another system which he has tried a branch of 
the main pipe passes on each side of the car, and there are four radia- 
tors in each car, the traps being at the middle of the length of the car. 

The following record was made on a train to Providence where there 
were, ist, baggage car, 2d, smoker, both having Mr. Richards' system, 
3d, passenger car, having also steam heat when it could get it, but on 
this occasion having a fire in a stove. The train started at 9.45 a.m. 
The locomotive had been on since g a.m. Scwall traps were all frozen 
when the steam was let on. There was one Curtis trap which was not 
frozen on this occasion. Temperature of smoker at starting was forty- 
seven degrees and of passenger car fifty-five degrees; at 9.55 smoker 
fifty degrees, of passenger car fifty-seven degrees. 

The company has in use about twenty Curtis reducing valves and 
two Mason, but recourse is had to throttling a good deal. 

There are about fifty Gold, forty Scwall, and twenty Richards' bag- 
gage and passenger cars equipped with steam heat. At one examina- 
tion there were forty pounds in the cab as far as Mansfield, and then 
twenty to twenty-five pounds. After passing Mansfield the third or 
passenger car showed seven pounds on the gauge. 

In the case of the Gold system cars it took a long time to heat the 
tnun. 



Pltchbui^ Railroad. — The Sewall system is being used on a num- 
ber of cars, with the following peculiarities : — 

I. No reducing valve is used, but only a throttle. 2. No traps are 
used, but only globe valves. 3. Near each end of the main pipe is a 
plug cock, by means of which the steam can be shut into the car to 
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keep the car warm while standing. Some of the Sewall cars are piped 
with one and one-quarter inch pipe, while others have, in part, one-inch 
pipe. As far as inquiry and observation went, it seemed that there 
was much more difficulty in heating those that had the one-inch pipe 
than those that had one and one-quarter inch pipe. In cold weather 
about sixty-five pounds pressure in the cab is carried. The engineers 
and train hands do not like the Sewall couplings, because they leak 
whenever they get twisted in going around curves, etc. 

Connecticut River Bead. — This road may be said to be the pio- 
neer in heating cars by steam from the locomotive, having had it in 
operation since 1881. They have in all forty-five cars, of which twenty- 
seven are heated by steam heat. They use what is called the Emerson 
system. The piping consists of two rows of two-inch pipes on each 
side of the car with spurs or U's under each seat, thus being just like 
the Martin piping. No reducing valve is used, and no traps. As to 
couplings, they use three different ones indiscriminately, all made by 
some of their own people, — either the Emerson, the Hitchcock, or the 
Barrett, all of which seem to be reasonably tight ; the two last have gas- 
kets, while the first has metallic surfaces coming together. None of 
them uncouple automatically when the cars break apart. 

In the globe valve, under the car, there is a very small hole (one- 
thirty-second of an inch) above the valve to take care of the drip while 
running, and when that is not enough the valve is opened a little. 

Different reducing valves have been tried, and examination was 
made of one which had been working three months. It had got out of 
order so that a throttle was resorted to, and it was used as a safety 
valve only. The valve was subsequently taken off and repaired, and 
it was found that the difficulty was due to dirt getting into some of its 
delicate parts. In this case it was a Mason valve. There is a station- 
ary boiler at Springfield and cars are heated there by that means, while 
at Northampton a switching-engine is used for heating. 

As a rule only three cars are heated in line, though every Saturday a 
train is sent out with six cars and no trouble has been experienced with 
them. On a trip on a train of two cars from Springfield to Northamp- 
ton and back, the temperature outside at Springfield being three degrees 
below zero, the cars were quite warm. 

Only two cars on this line are fitted up with auxiliary boilers under 
the cars, and they are only used when the cars are left at a station where 
there is no means of heating them otherwise. 
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Providence & Worcester — On this road the Martin system is used 
on some cars and the Sewall system on others, and very good success 
has been experienced with everything. The cars at the Providence end 
o( the route are heated by a stationary boiler, and at Worcester by a 
locomotive. A tank, holding about twenty-seven gallons, is carried 
under the trap under each car to catch the drip, so that it shall not fall 
on the platforms and freeze, thus forming slippery places at the stations. 



Boston, Revere Beach & Lynn. — This is a narrow gauge road and 
the cars are very nicely fitted up with steam-heating arrangements, 
devised by the superintendent, Mr. C. A. Hammond. The coupling 
used is one especially devised by Mr, Hammond and seems to serve its 
purpose well. The two parts of the couplings are not duplicates, and 
on this road it is not important that they should be, inasmuch as the 
cars are never turned round. Of course, uniformity with other standard 
gauge roads in the matter of the coupling is not at all necessary on a 
narrow gauge road. 

The piping used is just like that of the Emerson or of the Martin 
system, except that there are no spurs under the seats. The main pipe 
is outside of and' under the car and on one side. No reducing valve is 
used, but merely a throttle valve, and also a safety valve to warn the 
engineer if the train pressure becomes too high. 

Only two cases of frozen traps have been reported during the winter, 
as the necessary arrangements have been provided to keep the cars 
warm at all times, whether running or idle. At Boston there is a sta- 
tionary boiler and the necessary piping, and at Lynn one of the locomo- 
tives is used instead of a stationary boiler. 

The Curtis trap is used and has worked well. 

There arc in each car about 125 square feet of heating surface to 
about 3000 cubic feet of car or i : 24. 

A complete record of the temperatures of the cars on all trips and 
also of all their mishaps is kept. The greater part of the mishaps seem 
to be from parting of hose. Twenty-three cars in all are fitted with 
steam heat. 



Atcliison, Topeka & Santa Fe. — In accordance with the directions 
of the Board, a trip to Chicago was made to examine the system on trial 
on the Atchison, Topeka & Santa Fe Railroad. Nearly two days were 
spent with Mr. George A. Houston, who showed me every courtesy and 
gave me the opportunity to examine everything in the fullest possible 
manner. He himself was commissioned by the road about a year ago 
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to examine all the systems of heating cars by steam then in use or pro- 
posed, and then to devise a system that should be the best for their 
purposes. He was given full freedom to experiment as much as he 
desired, and, as a result, he has been making a great variety of experi- 
ments during the last year, and he showed all that he is now using, and 
also what changes he is making in the cars now being fitted up. At the 
time of my visit he had heated only three cars in a line at most, but was 
fitting up a large number with steam-heating arrangements. Most of 
his devices have already been described at different places in the body 
of this report, and attention has been called to his mode of getting rid 
of the water of condensation, which is in my opinion the feature of 
special excellence in his system ; but it may be well to summarize in a 
few words what he has done and is doing. 

Thus far he has been using exhaust steam when the engine is run- 
ning and live steam when it is standing still, and always using live steam 
for heating up. He states that he has had no difficulty in heating up 
three cars and keeping them warm in the very coldest weather in that 
region. 

The mode of disposing of the condensation has been already described. 
He intends that the tank into which the water is to drain should form 
the shell of a heater in which fire can be made whenever frorii any cause 
the locomotive is obliged to leave the train for any length of time, as 
may happen in a Western blizzard. 

He has also a scheme for heating the cars in moderate weather, when 
it is only necessary to raise their temperature ten degrees or thereabouts, 
but this had not been put into operation. 

When the automatic valve (referred to before) was inside the smoke 
chamber, some trouble was experienced with grease which clogged it up, 
but it is now placed outside where it can be opened and cleaned at any 
time. 

The result of all these experiments will undoubtedly be a more ex- 
tended use of continuous heating during the coming winter, and a 
general improvement in the appliances and in the management of the 
apparatus. The roads will profit by their own experience, and it is to 
be hoped that this report will help them to profit by the experience of 
others. The following conclusions may fairly be drawn from what has 
been done : — 

It is very important that there should be uniformity in couplers. 
The Westinghouse air-brake one and one-half inch coupling, with a 
hard rubber gasket, works satisfactorily, railroad employees are familiar 
with its use, and the patent upon it expires shortly. 
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In regard to everything else, uniformity is not so imperative. 

The main pipe should be as well protected as possible. If it must 
be outside the car it should be thoroiijjhiy wrapped. A better place 
for it is between the sills, and In that place, also, it should be wrapped, 
or it may be placed inside the car, as is done to some extent by 
Mr. Richards of the Boston & Providence Railroad and by Mr. Henney 
of the New York & New England Railroad. 

The main pipe, the valves connecting this with the radiating pipes, 
and the entire system of radiating pipes should be such as to offer the 
least possible resistance to the flow of the steam, so that high-steam 
pressure shall not be required on the train. A two-inch or at least 
a one and one-half inch pipe is desirable to meet this requirement. 

A reducing valve which is not liable to get out of order and let high 
pressure on the cars is a great desideratum. 

The amount of radiating surface generally adopted, and which seems 
to be sufficient, is about one square foot for each twenty-five cubic feet 
of capacity of the car. 

The trap should be protected from freezing, and the best way is to 
have it inside the car. The trap introduced by Mr. George A. Houston 
on the Atchison, Topeka & Sante Fe is recommended for examination 
and trial. 

It seems probable that auxiliary boilers under the cars can be dis- 
pensed with in this State. 

Stations where cars are left should generally be provided with a 
stationary boiler and pipes for heating the cars. 

The amount of steam required is neither excessive nor inappreciable. 
Nevertheless, the question of economy will be an important element in 
deciding upon the nature of the appliances to be used when it is desired 
to heat trains of ten or twelve cars, As a rule, the time when the most 
steam is needed for heating is the very time when travel is the lightest, 
and hence when the steam can best be spared. 

It is desirable that there should be some automatic device for regu- 
lating the heat. 



The above is respectfully s 
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THE BIOLOGICAL EXAMINATION OF WATER* 

By WILLIAM T. SEDGWICK, PH.D. 

Within the past five and twenty years a new theory of the causa- 
tion of infectious diseases has sprung up, and has given to the medical 
sciences an aspect more rational, more scientific, and more hopeful. 
Upon sanitary science the effect of the new theory has been still more 
vivifying; indeed, it is hardly too much to say that sanitary science, 
so far as it exists practically, has been by it created. Under the older 
theories of the causation of disease which saw in bodily disturbances 
only the effects of malign influences exerted by evil spirits, or regarded 
health as the proper mixture of four internal humors, — blood, phlegm, 
yellow bile, and black bile, — and looked upon the improper mixture of 
these four humors as constituting the basis of all diseases, sanitary 
science obviously found no place. But as soon as it began to be recog- 
nized that the seeds of disease are not so much in us as in our environ- 
ment ; that the blind experience of the race as shown by the ideas 
and language everywhere employed in speaking of the "attacks" of 
disease had outrun the theories of the wise, recognizing instinctively 
the true sources of disease as extrinsic, rather than intrinsic ; or, in 
other words, as soon as the original source of disease was perceived to 
be, not in us, but around us, sanitary science became at once a possi- 
bility and a necessity. In an essay upon the " Advisableness of Im- 
proving Natural Knowledge," Professor Huxley has given a forcible 
example of the attitude of mind which prevailed towards sanitary 
matters under the older theories of disease, where he contrasts the 
panic-stricken and awed submission of the dwellers of London to the 
visitations of the Plague, with their angry passion at the incendiaries 
who were believed by them to have caused the great fire which not long 
after devastated their city. To the plague they submitted devoutly and 
helplessly as to a visitation of the Almighty; to the fire they did not 
so submit, but, full of indignation, sought to find and rid themselves of, 
the cause. 

Obviously, therefore, it is not a matter of indifference to sanitarians, 
among whom should be included those having the control or adminis- 

•An addlcs* delivttetl before the New England Walei Works Association, March 14, 1888. 
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tration of water supplies, whether this theory or that of the causation 
of disease is entertained. Every officer and every workman connected 
with such positions of responsibility is guided, consciously or uncon- 
sciously, by some working theory which determines more or less his 
attitude towards his professional problems; and those best informed 
are to-day making good use of the so-called " germ " theory of disease. 
This theory holds that the ordinary infectious diseases, such as typhoid 
fever, smallpox, and measles, are caused by microscopic plants or 
^^gertns'* called bacteria or microbes or micro-organisms^ which when 
they invade or " attack " the human body may do infinite damage, pro- 
ducing sometimes disease and even death. They behave as parasites, 
feeding upon the tissues, multiplying enormously and producing pro- 
found and alarming changes in the bodily economy; yet doing their 
damage not so much by their presence or, like most parasites, by steal- 
ing from the body its necessary foods, but rather by poisoning it, un- 
intentionally as it were, by their excreta or the by-products of their 
activity which, though little understood as yet, are provisionally grouped 
together under the name of "ptomaines." Accordingly, bearing this 
"germ " theory in mind, sanitarians have always to scrutinize the envi- 
ronment of individuals and communities in cities, in the country, in 
workshops, in theatres, on land or sea. Wherever man goes he finds 
himself in an environment which may or may not contain the seeds of 
disease, or, more rarely, the poisonous excreta of the organisms of 
disease. Air, food, and drink naturally carry with them the greatest 
possibilities of infection, since they are received within the body in 
special chambers — the lungs, and the other portions of the alimentary 
tract — specially delicate and adapted for absorption. With the air 
and the solid food we have at present nothing to do. With the purity 
of the water, however, we are much concerned. 

Biological examinations of watei: have been made to some extent ever 
since the human race began. Multitudes of observers have noticed, 
and some few have studied the fishes and frogs, serpents, snails, clams, 
and Crustacea which inhabit ponds, streams, lakes, and the sea. Others 
have studied the water-weeds, the sea-weeds, the algse, and the fungi, 
and have thus helped to a knowledge of the biology of water. But it is 
only within a very few years that it has been thought either possible or 
necessary to count or study the smallest of all the forms of life, the 
"germs," "bacteria," etc., in water. That our opinions in this respect 
have changed, is due partly to the adoption of that environmental and 
parasitic theory of infectious disease of which we have just spoken, 
bringing with it as it does the recognition that these tiny and invis- 
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ible organisms may be the agents of disease ; and partly to a new 
and similar theory of putrefaction which teaches that wherever putre- 
faction is, there will germs be gathered together. 1 must hasten how- 
ever to warn you that there are germs and germs. Because there are 
some scoundrels in human society it does not follow that all men are 
such. And- yet some pseudo-sanitarians whose object is best served 
by widespread dismay and alarm, sedulously endeavor to impress the 
public with the idea that germs are everywhere, and that all germs are 
dangerous. 

There is such a thing, however, as slandering bacteria ; for while 
some of them are unquestionably dangerous, and, in the present state 
of our ignorance about the different species, all of them are more or less 
under a shadow, there is not the slightest doubt that we depend almost 
wholly upon bacteria for the reduction to harmless compounds of the 
great mass of waste organic stuff in nature. If, then, bacteria abound 
in the waters of our harbor and bay, it is not necessarily with evil intent 
or with danger to us. but simply because they find there the waste 
matters of a great city rejected by higher forms of life, but offering to 
them, the lowliest of living things, an ample feast. In fact, bacteria 
would seem to possess a wonderful and most beneficial power of reduc- 
ing to their lowest terms those fractions of organic matter which higher 
forms are unable entirely to simplify ; thereby at once ridding the earth 
of a nuisance and preparing the way for higher plants to effect a re- 
juvenation of the worn-out matter. Again, precisely as it is not true 
that all germs are deadly, or the carriers of disease, it is equally certain 
thai they are not ubiquitous, nor are they always long-lived. They are 
heavy in proportion to their size, and hence tend to sink in air or water; 
they are very dependent on food and drink, and therefore may easily be 
held in check by cleanliness and dryness. In short, while it is easy to 
dogmatize about them and to portray vividly their possible baneful 
effects, it should not be forgotten that the human race has developed 
and even prospered in ignorance, and in spite of them, from the days of 
savagery until now. Nevertheless, they undoubtedly constitute the 
chief raison d'itre of modern sanitary science, and from every point of 
view their scientific study is most desirable. 

It might naturally be asked at this point, How are these exceedingly 
minute organisms ever studied or counted ? and. Of what use is it to 
count them ? or, finally, What may be legitimately expected from the 
emplojTnent of methods for the biological examination of water, in 
the shape of practical hints which shall be likely to benefit experts in 
the science or administration of water works ^ It will be worth while 
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therefore, first, to describe the methods of the biological examination 
of water ; second, to discuss briefly the value of such examinations to 
pure science ; and, third, to indicate the importance and value of the 
application of the results of such examinations to the practical problems 
of our water supplies. 

The methods, in principle, are extremely simple; but the art involved 
is capable of very great refinement and absolutely demands cleanliness, 
constant care, scrupulous attention to details, and unlimited patience. 
The object in view, namely, the determination of the number and the 
nature of the germs in a given water, must never be forgotten, and the 
better to secure this end-result everything with which the sample of 
water is to come in contact must be carefully sterilized; that is, all 
germs must be killed except those favored few which it is desired to 

study. 

In order to illustrate by an example the several steps of the process^ 
I may briefly describe an actual biological analysis ot the water supply 
of Newton, Mass., selected not because it is necessarily typical in its 
results, but simply because it is fresh in my experience. 

The city of Newton finds its water supply in a filter basin 1575 feet 
long, running alongside the Charles River in the town of Needham. 
The water in the filter basin is pumped by engines in a pumping station 
near by, to a reservoir some four miles distant on Waban Hill, from 
which it flows by gravity to all parts of the city. 

In the spring of 1887 Mr. S. R. Bartlett and myself made, in the 
Biological laboratory of the Institute of Technology, a determination 
of the number of living bacteria and moulds in the water of the Charles 
River outside the filter basin, the water within the filter basin, in the 
reservoir on Waban Hill, and at the tap in the city of Newton ; speci- 
mens being carefully taken from the different localities on the same 
successive days. At the same time Mrs. E. H. Richards and Mr. 
Bartlett carried on a chemical examination of similar samples in the 
Institute laboratory of sanitary chemistry. In the course of the inves- 
tigations 145 biological and 117 chemical analyses were made; and all 
the work done between April i and May 1 5. The method employed 
in the biological examination was the well-known gelatine plate-culture 
method of Koch. The usual accessory apparatus was employed, and 
need not be described. The principle underlying the method is this : 
By mixing a known volume of the water under examination with a 
much larger volume of so-called "sterilized nutrient gelatine," the 
germs in the water are first separated somewhat widely from each other 
in the melted gelatine; and afterwards, when the gelatine has been 
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poured out on a cool plate, carefully levelled, are kept separate and 
isolated by the stiffened mass. They are thus held securely apart, but 
may still grow and multiply in the nutrient mass, enriched as it is by 
meat extract, peptone, etc. At first the gelatine appears perfectly clear 
and pure; but after a day or two, comparatively opaque whitish or 
yellowish dots or islands may be detected, due to the rapid, though 
localized, increase of the germs. Each of these, if caused by bacteria, 
is called a "colony" and is taken to represent one "germ" in the 
original water, provided the gelatine used was properly sterilized, i.e., 
freed from all living germs. Moulds have an equally characteristic 
though different appearance, and thus both may be recognized after a 
time and the total number of living "germs" in the original sample 
readily and accurately estimated. 

The water brought in for examination was collected and transported 
with great care in small glass-stoppered bottles holding about 60 cc. 
These were carefully cleaned and enclosed in tin canisters made to fit 
them rather tightly, and all were thoroughly sterilized at 160° C. in the 
hot air sterilizer. The tin covering prevented any accumulation of dust 
around the stoppers and allowed without injury considerable knocking 
about in transportation. In getting the sample of water desired, the 
bottle was taken from its case, rinsed in the water to be collected, held 
well under, and filled by lifting the stopper. It was then returned to 
its tin case and thus conveyed to the laboratory, where the culture was 
made usually within three hours from the time of collection. 

Some of the more important results are indicated in the following 
tables: — 

Number of Bacteria per Cubic Centimeter of Water. 
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Bacteriological Comparison of the Tap Water of Newton 

AND Boston during One Week. 



May 6 

- 7 

- 8 

- 9 

u 10 

« 11 
« 12 
« 13 

Averages 



Colonies per cc., Newton. 




6 

8 

2 

12 



Sun 



day 



B 



4 
12 

14 
4 
4 
8 

15 



Colonies per cc., Boston. 



48 
30 

40 
24 
28 

25 
55 



Sun 



day 



43 



B 



60 
44 

52 
60 
32 
35 
65 



Average Number of Bacteria per cc. found at the Same Time 
IN THE Water from : — 

Newton (tap) 6 

Boston (tap on the Back Bay) . ' 43 

Mystic (tap in Charlestown) 204 

Spot l*ond (pond) 38 

S\yoi Pond (tap in Medford) 10 

Jamaica Plain (Boston High Service) 52 

These, then, were the methods and the bare results of their applica- 
tion. Let us sec, in the second place, if, upon scrutinizing and inter- 
prctini; tlic results, we do not gain something for pure science. 

And let us here keep in mind that, other things equal, rich- 
ness in bacteria indicates organic impurity; scarcity of bacteria, organic 
purity ; on the principle that "where the carrion is there will the vul- 
IniTS be gathered together" ; and further, that however harmless these 
microscopic vultures may be, we do not wish either to drink them or 
hjivc! them feed upon us. 

The first table shows a constant and considerable difference in the 
abundance of living bacteria in the several waters examined, and indi- 
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cates a progressive purity in this respect as the water nears the point 
of consumption. The largest difference between successive samples 
is that betweea the river water and that in the filter basin ; and this 
is easily explained by a consideration of the conditions prevaiUng in 
each. The rtvcr is an ordinary sluggish stream draining a rather 
thickly inhabited country, and hence is more or less polluted. The 
filter basin, on the contrary, although dug parallel to the river, and 
near it, probably gets from it little or no water. This comes instead 
from the ground in the other direction, owing to the slope of the adja- 
cent country, and especially from eight artesian wells driven in its 
bottom to a depth of thirty feet, where they penetrate a quicksand and 
a gravel overlying bedrock inclined towards the river. Thus it comes 
to pass that the water in the filter basin is sometimes higher than that 
in the river, and always more constant in temperature ; and this, too, 
it is fair to suppose, is the reason that the water of the river contained 
221 germs per cubic centimeter in April and May, 1887, while that 
in the filter basin showed only 43. The filter basin, even to the naked 
eye, is clearer and purer than the river, although it often contains 
a very considerable amount of filamentous algie, principally Zygnema. 
It is less easy to explain offhand the progressive decrease of bacteria 
from the filter basin to the tap. The figures show that of the 43 
bacteria which theoretically were drawn by the pumps from the filter 
basin in every cubic centimeter of water, 30, i.e., nearly 50 per cent, 
were missing in the reservoir, and 37, i.^., more than 85 percent, were 
missing at the tap. From a biological point of view it seems probable 
that the stock of organic matter, or, in other words, the supply of food 
for the germs, in this chiefly ground water was originally small and 
gradually gave out, causing the starvation of the greater part of the 
bacteria. This hypothesis was afterwards surprisingly and unex- 
pectedly strengthened by the results of the chemical examinations 
simultaneously carried on, which showed a very pure water in the 
filter basin and a decline of organic matter from the filter basin to the 
tap. 

No attempt was made to seek out from among these germs, which 
were doubtless for the most part perfectly harmless, and, as it turned 
out, even useful, — having destroyed most of the organic matter and 
then either starved to death or having otherwise perished, — no attempt, 
I repeat, was made to seek out here the germs of disease. But we look 
forward to the time, perhaps very near, perhaps a long way off, when 
we can sample the colonies upon the gelatine and say, after microscopic 
and further biological study, this one is harmless, that one dangerous. 
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A CRITICAL STUDY OF THE HEATING AND VENTILA-- 
TION OF THE NEW BUILDING OF THE MASSACHU- 
SETTS INSTITUTE OF TECHNOLOGY. 

By S. H. woodbridge, A.M. 

I. 

Whatever of special interest may attach to the heating and venti- 
lation of this building, aside from that due to the good measure of suc- 
cess attained, inheres, first, in the special features through which the 
result has been effected, and, second, in the conclusions arrived at 
through a critical study of those results, as well as through valuable 
comparison made possible by features of an exceptionally favorable 
nature. 

The paper, therefore, naturally divides itself into two parts, one 
treating of methods, and the other of results with deduced conclusions. 

METHODS. 

Nothing worthy of imitation is to be noted in regard to a special 
adaptation of the building to a previously adopted system of ventilation 
designed with reference to a maximum efficiency and economy of action. 
On the contrary, the system must be presented as, in some important 
respects, a reluctantly accepted compromise made necessary by the fact 
of its incorporation into the building plans after these were matured 
and the work of construction was begun. The urgent haste with which 
the building process was pushed from the foundation, laid in April, to 
the roof which covered classes the following October, is further respon- 
sible for certain defects of detail. 

The leading features as sought in the operation of the system may 
be summarized as follows : — 

First. A reversal of the ordinary custom of subordinating ventilation 
to supposed economy in heating. 

Second. A volume and distribution of air supply based on the deter- 
mined requirements rather than on the cubic capacity of rooms. 

Third. A large area of air conduits and passages, and low velocities 
of air flow. 
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Fourth. An adjustment of supply and discharge areas such as to 
produce a slight internal pressure. 

Fifth. A location of supply and discharge apertures chosen with a 
view to the most efficient and economic use of the air supply. 

Sixth. An exclusive control of air supply and of room temperature 
by the engineer. 

Seventh. A registering of hourly rate and daily aggregate of steam 
condensation, as furnishing a basis for critical study in determining the 
necessary cost of ventilation. 

The details of arrangement for securing such results have already 
been several times described in print, and are here repeated in brief 
form only for the purpose of giving completeness to the subject which 
it is the aim of the paper to present. 

The building is exposed on all sides, being one of three in an open 
square. It has a ground outside measurement of 1 50' x 90' and a height 
of 70'. It has, with basement, five stories, and some 40 rooms, ranging 
in size from 3000 to 60,000 cu. ft. The window area equals one-third of 
its wall surface, the windows of the west and north sides having double 
glazed sashes. The walls are of brick, with an average thickness of 18". 

Under the entire building is a sub-basement divided by the interior 
walls into four sections (Fig. i). The floor of each section is made of 
concrete 4" deep, and sloped to a central cistern, into which the water 
ased in washing the floor may drain, and from which it may be discharged 
by a steam ejector into the sewer. The floor of the basement makes 
the ceiling of the sub-basement, the height of which is 4', The interior 
walls of the building are made of piers 2' x 2', and 5' between centres, 
extending from the foundations to the roof, and supporting the floor and 
roof beams ; and of she!! walls connecting the piers, and with them enclos- 
ing fines 3' X i'. As the shell walls end at the basement floor, and the 
piers at the sub-basement floor, the flues are open into the basement on 
their two longitudinal sides. There are 47 flues in the interior and 31 
in the exterior wails, having an aggregate of 240 sq. ft. 

Air for the ventilation of the building enters through an enlarged 
basement window of icxa sq. feet, situated on the lawn side of the 
building, as remote as possible from the streets. The air then passes 
through a battery of steam pipes, having a free area of 120 sq. ft., and 
is then forced by a fan into a chamber from which the floor is removed, 
so making it a continuous space with the sub-basement (Fig. 2). The 
sub-basement thus becomes a plenum whose pressure is determined by 
the rate of the revolution of the fan, the number of dampers open into 
flues, and the aspiratory action of the flues. 



78 5. H, Woodbndge. [Oct. 

In order to concentrate the heating system, and to avoid the expense 
of an extended and ramifying system of supply and return pipes ; to 
avoid the cutting of floors and piercing of walls by the running of pipe, 
as well as the marring of rooms by the presence of piping and radiators; 
to avoid damage by leakage, and to make the heating surface accessible 
for steam control, and for repair, without a disturbance of the occu- 
pants, the heating surface is located in the sub-basement. 

In passing through the "main coil," 3,500,000 cu. ft. of air per hour 
may receive an increment of from o® to 60'' in temperature, accord- 
ing to requirement. The purpose of this coil is to raise the temperature 
of the air sufficiently for the protection of exposed water pipes and for the 
warmth of the basement floor. The additional heat required is furnished 
by supplementary coils placed at the base of each flue, the steam flow 
to which is regulated by a fractional valve manipulated through a 
covered hand-hole in the basement floor. These coils are made with 
a free space for air movement through them equal to that of the cross- 
section of the flue to which they belong, and the heating surface of each 
coil is adapted to the wants of the room its flue supplies with air. The 
temperature within the several flues varies inversely as the rate of 
change of air within the rooms they supply, only one flue temperature 
being as high in extreme weather as i lo^ the majority of flues varying 
from 70** in mild to 90® in the coldest weather. 

The temperature of the air supply is controlled, first at the main coil 
by the steam pressure within it, which is regulated by a reducing 
valve, and by the number of its sections used ; and, second, at the suj>- 
plementaries, by the steam pressure carried in the distributing main, 
by the amount of steam passed into the individual coils, they being so 
arranged that they may be completely or partially filled with steam at 
atmospheric pressure ; and, lastly, by slide dampers at the bottom of the 
flues, which admit of passing the air by, rather than through, their coils. 
The steam is under the exclusive control of the engineer, who receives a 
record of temperature from all the rooms four times each day. 

At the bottom of the flue is a damper by which the air may be shut 
off from rooms not in use, or the volume of air moved to rooms may be 
controlled according to their requirement. In the wall of each flue, at 
five feet above the basement floor, is a hand-hole with glass cover, 
through which may be seen a thermometer and anemometer placed 
within the flues. Below the hand-hole is a ring with light chain for the 
manipulation of the damper. 

The air is delivered into rooms through apertures 8' from the floor, 
and with a maximum velocity not exceeding 7 to 8 ft. per second, and, 
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except in wann weather, with a temperature sufficiently elevated above 
that of the room to cause it to rise to the ceiling, so producing a mini- 
mum effect in generating draughty floor currents. So far as practicable 
the supply is passed into rooms upon their warm side, and the spent air 
removed at the floor from the same side, and as nearly below the point 
of entrance as the arrangement and apportionment of flues allow. 

The same flue is, in different parts of its length, used for supply to 
one story and discharge from another above, the two parts being sepa- 
rated by a "header." Many of the flues are also divided into two or 
three sections, delivering air to or discharging it from separate stories. 
No one flue or flue section delivers air into two rooms, but discharge 
flues are not so perfectly separated throughout their entire length. 

Discharge flues arc provided, at the point of their lower connection 
with rooms, with check valves of the lightest rubber gossamer, to prevent 
reversal of draught into rooms by reason of temporary or excessive wind 
action, or the disturbance of the system's actiop by the stopping of the 
fan or the opening of windows, etc. The discharge flues are further 
provided with valved registers at the ceiling, to be used in warm weather, 
or for cooling the room when overheated, and a damper at their top for 
dosing to prevent excessive leakage and cooling at night. 

The apportioning of the flue areas to each room, as shown in the 
accompanying schedule, was based on the air supply required for the 
maximum number of occupants and their work. For reasons of policy 
rather than of satisfied hygienic requirements the supply for lecture and 
recitation rooms was put at 1500 cubic feet per hour per occupant ; for 
physical laboratories, 2Cxx) ; chemical laboratories, 3000 ; organic chem- 
ical laboratory, 4500. The flue areas of column four of the table are 
computed on an assumed velocity of air-flow of 400 linear feet per 
minute. 

Practically, in all but the crowded rooms the individual supply largely 
exceeds this amount, since the dividing of classes into sections makes 
the number occupying the laboratories at one time comparatively small. 
Thus the large chemical laboratories, supplied with air for 1 50 students 
at one time, seldom have over half, and often but one-fourth, that 
number at work, resulting in an hourly allowance of from 6000 to 12,000 
cu. ft. to each operator. The volume of air hourly moved through the 
building approximates five times the cubic capacity of its rooms, or an 
average of 8000 cu. ft. for each of its occupants, on the assumption that 
the students are equally divided between the two main buildings. 

The boilers supplying the steam for the healing, and the engines 
furnishing the motive power for the fan and other machinery in the 
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New Building, are in the Rogers Building, tlie steam pipes and shafting 
being hung in an underground tunnel of 90 feet length connecting the 
two buildings. 

The fan (Fig, 3) is 12' in diameter, 4' deep, and has one mouth of 
9' diameter, and carries 12 curved, wing-shaped floats, which, as the fan 
is unhoused, discharge the air through the entire periphery into the 
room forming the sub-basement extension. Fixed at 93 revolutions per 
minute, the fan moves 1000 cu, ft, of air per second in mild weather, 
when the work of the fan is not assisted by the aspiratory action of the . 
flues, at an expenditure of 14 H.P. In cold winter weather the volume 
of air moved, if all the inlet windows are open, may, but is rarely allowed 
to, reach 1500 cu. ft. per second; 1000 cu. ft. per second may then be 
moved with an e.xpenditure of 6 H.P. The maximum plenum pressure 
produced by the fan is but little above one-eighth inch water column. 

The working steam surface for the entire building is something over 
6000 sq. ft., of which 2400 is in the main coil and 3600 in the supple- 
mentary system. The low average proportion of one sq. ft, of heating 
surface to 140 cu. ft of space contained by the building's walls is made 
possible only by the increased rate of condensation in the pipes because 
of the rapid movement of cool air over them, and the method of heat- 
ing by large air volumes at low temperature rather than by small 
volume at high temperature. 

The main coil is made up of eleven sections, one of which is shown 
in elevation in Fig. 4. These sections present in elevation a surface of 
240 sq. ft., offering large area and small resistance to the movement of 
air. Nine of its sections are used for steam and two for cooling 
the condensed water returned through them from the steam sections. 

For purposes of investigation and experiment, a daily meteorological 
record has been kept, as well as a record of condensation and coal con- 
sumption. Fig. 5 shows the method adopted for obtaining the conden- 
sation record. The condensed water is returned to an open tank, by 
gravity from the supplementaries, and by trap from the main coils, and 
pumped thence to the boiler tank in the Rogers Building. The work- 
ing of the pump is automatically controlled by a counterpoised float 
which prevents the water in the tank falling so low as to admit air into 
the suction pipe to be registered as water, The stroke of the pump 
being of uniform length, it is used as a meter, the pulses of the piston 
working a connected pawl and ratchet which rotate a long screw carry- 
ing a nut with recording pencil. The pencil rests on a paper wrapped 
upon a drum which is rotated by clock-work once in twenty-four hours, 
tracing lines such as are shown in Fig, 6, This record gives the daily 
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condensation in cubic feet, the rate of condensation throughout the 
day, the time of putting steam on and shutting it off, and of starting 
and stopping the fan, and is a complete check on any attempt of an 
engineer to practise deception as a cover for delinquency or incom- 
petence. 

Some special arrangements deserve a more detailed notice than that 
already given them. 

As indicated by the schedule, the chemical laboratories are located 
in the top story of the building — this story receiving one-third of the 
total air supplied to the five stories, the hourly supply to the large labo- 
ratories equalling seven times their cubic capacity. The actual supply 
to the analytical laboratory is one-fourth greater, the individual supply 
varying from Socx) to 20,ocx:), according to the number of students occu- 
pying it. Most of the work usually ordered under hoods, such as the 
evaporation of acids, etc., is here done in the open room, to the stu- 
dents' great convenience and advantage, and without harmful or annoy- 
ing effects. 

The discharge ventilation of these laboratories is effected chiefly 
through the hoods, a sectional elevation of which appears in Fig. 7. 

For every twelve feet of hood frontage there is a discharge flue of 
three square feet cross-section, the flue being connected with the hood 
by an aperture of equal area. 

Within the hood is an inclined diaphragm of such width and 
placing as to leave a slot three inches wide along the whole front of the 
hood. Its location and inclination serve to protect the hood contents 
from injury by the falling of debris from the flue. The hood sash is pre- 
vented by stops from being raised beyond a fixed point, such that its 
lower edge shall be, according to the height and temperature of the 
hood, from four to eighf inches below the outer edge of the diaphragm. 
The space between the glass of the sash and the face of the hood is cut 
off from the hood space by the raised sash, so preventing escape into 
the room of gases, etc., by that means. 

The use of the diaphragm is apparent in extending and equalizing 
the current along the entire length of the hood. The direction of incli- 
nation given to it, and the front location of the slot, may not, however, 
be so apparently reasonable. The aim in the latter arrangement is to 
concentrate the discharge current along the line of most natural escape 
of warmed gases from the hood into the room, since all gases to escape 
must pass this line, which would not be true of a similar slot at the rear 
of the hood. The inclination given to the diaphragm is slightly upward 
from rear to front, in order that the initial upward movement may not 
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be completely and abruptly broken, so forming a deep stratum of fumes 
which might then escape at the lower part, because beyond the reach of 
the effective action of the discharge current, or else might cool and 
settle or be forced down along the rear walls at a point remote from the 
heating burner, and so escape. 

Each of the two largest laboratories has sixty feet of such hood front- 
age, or fifteen square feet of outlet area, with a linear flow-rate of some 
five feet per second. The plenum condition of the laboratories, due to 
their top location, the levity of the warmed air, and the propelling action 
of the great fan, make a dual system of discharge ventilation possible 
without any of the risks attending such a method when the ventilation 
is effected by means of exhaust rather than plenum action. Other out- 
lets are therefore provided, which, together with those of accidental 
nature, afford an aggregate area equal to that through the hood. 

The method of ventilating the photometer room of the physical labo- 
ratories is shown in Fig. 8. In such rooms, designed for a number of 
students and for work involving the use of several gas or oil lamps, 
funnel-shaped hoods are placed over the burners, in addition to the 
floor and ceiling method of ventilation. 

The object of this paper is the presentation of methods and results 
rather than a discussion of their merits. Yet a somewhat frequent chal- 
lenging of the reasonableness of one of the methods employed, and the 
confusion of ideas, if not ignorance of facts, which has in some instances 
marked the discussion of the subject, may be accepted as the sufficient 
apology for a short digression in defence of the choice of methods. 

The method of heating and ventilating rooms by passing a warm-air 
supply into them at the top and on their warm or inner side, and of 
removing the spent air through an aperture at the floor and on the 
same side of the room, was original, though it did not originate with 
the writer. 

Stated with the least of possible argument or fulness, the reasoning 
which led to the adoption of this method was as follows : — 

1. So far as practicable, it is economically advantageous that the 
movement of air through a room for the purpose of its ventilation 
should be one of mass, and of uniformity in direction and in velocity, 
since in so far as the air can be given such movement, the vitiation will 
be cumulative from the plane of entrance to that of discharge, the 
quantity of vitiated air within the room will be reduced to a minimum, 
and eIso the time of its retention and the limit of the space occupied 
by it 

2. In order to secure a vertical mass movement, the successive 
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strata making up the mass of air must have such temperatures as to 
maintain their stability of relative positions. If the movement is to be 
ascending or descending, the successive upward strata must, therefore, 
have an increasing temperature. 

3. The upward movement is that to be employed for enclosures in 
which the air is warmed in transit, and the downward for those in which 
the air is chilled in transit. 

Air is warmed in transit when the heat given to it is greater than 
that which escapes from it, as in the case of well-filled audience rooms 
where the wall surface to the individual is small, and especially when 
the auditorium walk are internal and therefore warm, and when the 
heat of illuminating flames is added to that of the audience! In this 
case the air is passed in at a temperature lower than the mean of the 
air in the room, and considerably lower than that at the ceiling, the 
point of escape. If admitted with slow movement through a multitude 
of floor inlets, it will spread itself out in a horizontal stratum at the 
floor, and as heated by contact with individuals making up the audi- 
ence or by burning illuminants, it will rise, not to be brought back into 
recirculation. 

Air is cooled in transit when the heat yielded to it within an enclos- 
ure is less than that escaping from it. This is the general winter 
condition prevalent in a cold climate and in rooms with exposed walls, 
whose surface per occupant is large, and the occupation within which 
is not accompanied with relatively excessive heat production. In this 
case, in order to secure the desired mass movement, the warm air must 
be quietly and in diffused form passed in at the top and stratified there, 
to settle as cooled and as withdrawn at the floor. 

But mass movement by uniformly advancing strata is not practically 
possible, because of the disturbance due to the unequal heating or 
cooling effects of exposed surfaces. Thus in the case of heating in 
transit, individual currents rise from each occupant and burner with a 
greater initial velocity than that of the whole mass. The air moves 
from the floor largely in individual currents which merge into a mass 
movement at a height determined by various conditions of compactness 
of audience, number, and arrangement of light, etc. So, also, in the 
case of cooling in transit, the downward movement is almost wholly in 
that part of a room next to the chilling or outer walls. The most, 
therefore, that can be sought, is a concurrent movement which shall 
be of varying velocities, but without reversals. 

Concurrent movement may be more easily secured in upward than 
in downward ventilation under the ordinary conditions favorable to 
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each, since under the best conditions none of the currents are interfer- 
ing in the first case, whereas all individual currents from occupants and 
iljuminants must be of an interfering nature in the second. The re- 
sults of downward ventilation under conditions most favorable to it 
cannot therefore be made as theoretically perfect as those of upward 
ventilation under conditions equally favorable to it. 

It by no means follows, however, that the substitution of the upward 
for the downward must prove advantageous. The adaptation of each 
to its own favoring condition yields the most perfect, though not equal 
results. If upward ventilation be substituted for downward where the 
conditions favor the latter, the warm and fresh air rising to the top of 
the room floats at the ceiling, forming a stratum whose movement is in 
two directions, one part going through the discharge aperture and be- 
coming a total loss, and the other passing down the chilling walls. It 
b to be noted that in such rooms, as usually heated and supplied with 
air, the only air which gets down to the breathing line is that brought 
down practically by the same method as that relied on in downward 
ventilation, and that but a part of the total supply is thus brought down. 
Hence, in such a case, that which is antagonistic to the upward move- 
ment becomes the most efficient factor. The uniform upward mass 
movement is in this case interfered with by the individual currents of 
hot air from the inlets, which force their way to the ceiling and drag 
variable quantities of impure air with them, and by the rotation of the 
mass, due to the action of the chilling walls, which may take place 
once in every five or fifteen minutes, according to the exposure and 
shape of the room and the difference between inside and outside tem- 
peratures. But for these two accidental yet favoring and saving 
circumstances, it would evidently be possible, by the upward method of 
ventilation under the assumed condition, to crowd down and hold the 
cooler and vitiated air to the floor by the warmer and purer air as it 
forced its way to the ceiling and took exclusive pos,session of the out- 
lets, a result more or less realized whenever upward ventilation is 
attempted under conditions favorable to the downward method. 
Further, air brought downward by this means would be more vitiated 
by its first passage through the lower strata than if the supply had been 
passed in at the top of the room. 

The direct escape of unused air and heat, the reduced proportion 
of supply below the breathing line, the increased proportion of effluvia 
in the lower strata, and its longer retention, are the results of an up- 
ward ventilation of rooms in which the air is chilled in transit. The 
ends proposed at the outset are less perfectly realized than by a down- 
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ward method, which passes pure air in at the top, and by withdrawal 
at the bottom, forces the whole supply down to the breathing line be- 
fore escape, and which secures a minimum of reversal in movement by 
making the artificial movement concurrent with the natural, and by 
making the rate of supply and discharge approximately equal to or in 
excess of the rate of downward movement along the cooling surface. 

If, however, the air supply is small and its temperature high, the loss 
of air and heat through leakage at the ceiling may make a ceiling loca- 
tion of inlet inadmissible. In such case the inductive mixing and sup- 
plementary rotary action of the strong upward current of hot-air supply 
is needed to effect a warming of the air at the floor. 

As usually heated, this is true of dwelling-houses and all rooms 
whose hourly air supply through provided channels is not equal to four 
times their capacity. 

When otherwise advisable, the elevated position of the inlets has the 
further incidental advantages of preventing the low temperature currents 
being felt as draughts, and insures the cleanliness of inlet fixtures and 
conduits. 

For the benefit of such as may use this description as an aid to the 
choice or adaptation of means, it may not be amiss to mention such 
defects in the system as would have been avoidable by a better adapta- 
tion of the building to a preconceived and adopted system. 

The flue arrangement might have been made much more compact, 
outside flues avoided, the ability in all cases to locate inlets and outlets 
for the most effective and economic ventilation increased, the large area 
of the sub-basement and the required piping in mains and returns 
reduced, the height of the sub-basement increased, and the drainage and 
manipulation of the supplementary system and the control of the sub- 
basement temperature made more easy and complete. By the exclusion 
of all water and sewer pipes, the sub-basement temperature could be 
reduced to the lowest requirement of any room in the building. 

The form of interior walls originally recommended for this purpose, 
and to which preference is still given, is shown in Fig. 9, the flues being 
18" square and the walls 30" in thickness; the sub-basement of the 
three central portions being used for ventilation and having a greater 
depth than the other two, which could be devoted to other purposes. 

The heat generated by the burning of some 500 cubic feet of gas 
per hour in the large chemical laboratories, the heat escaping from 
steam tables and other surfaces and the solar heat entering through 
the large window exposures, and the presence of the occupants, some- 
times increases the temperature of the air passed through them from 
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20* to 25° F, If work is lo be so generally done in the open rooms as 
at present, it should be possible to pass air into them at a much lower 
temperature than is admissible now, because of the consequent chilling 
of the basement. 

The fan is single rather than double mouthed, as at first proposed, 
thus reducing the area at this point to such an e.xtent as to make 
continuous running a necessity, tht; original intention being to use the 
fan only in mild weather. It can be run only at a fixed speed for all 
weathers, its rate being determined by that of an engine and shafting 
more or less linked with the whole machinery of the two buildings. 
The speed is fixed for the air required with an outside temperature of 
50°. and the air-flow is regulated by the inlet doors used as dampers, 
a method not to be recommended on the score of economy of power. 

The arrangement of by-pass dampers in connection with the supple- 
mentary system (Fig. 2), the construction of the supplementary coils, 
and the placing of heating surface within the exhaust flues were 
accepted without approval. 

The cost of the heating and ventilating equipments is a further 
matter of practical interest. This may be said to begin with the space 
allowed to it in the sub-basement, in the cost of its extra depth, and in 
the basement floor, which otherwise would, according to the original 
plan, have been the concrete of the now sub-basement floor. The flues 
cost nothing, as the material saved and the cost of building a solid wall 
would have equalled that of the hollow wall with contained flues. The 
240 registers and register faces and the supply and discharge flue 
dampers are an item of expense not included in a direct heating 
instalment. 

The actual heating surface is about 8000 sq. ft., excluding that of 
distributing and return pipes, which are covered, or "one square foot 
to each no cu. ft. of the building's contents. But some 1200 sq. 
ft. of this surface are in the 31 outside wall discharge flues, and 
have never felt the warmth of steam, and also 400 sq, ft, of the 
supplementary system under flues supplying air to the chemical labora- 
tories are not used. The total surface used is, therefore, some 6400 
sq, ft., or one square foot to 140 cu. ft. of contents, — a much 
less surface than engineers would be willing to risk in heating by the 
direct method, and considerably less than that reported for the Rogers 
Building so heated. This is made possible only by the method of heating 
by large air volumes at low temperatures, and the rapid rate of conden- 
sation within the pipes effected by the forced movement of cool air over 
them, the hourly rate at times exceeding two pounds per square foot ia 
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the main, and one pound in the supplementary coils, against a mean 
of some four-tenths pound in ordinary direct exposure. 

The saving in piping due to rapid condensation is sufficient to pay 
for the fan, together with an attached engine, had that arrangement 
been adopted. 

The piping is concentrated in the sub-basement, and aside from the 
necessity of careful alignment, presents no special difficulties of construc- 
tion. The sheet-iron work for boxing the supplementary coils, and the 
mason work about the main coils and fan are additional items of cost 
not involved in a direct instalment. 

The original estimate for the complete outfit, including fan and large 
engine, was about $ii,ooo, and there seems no reason why, at prices 
then current, that estimate was not a fair one for an instalment carefully 
planned in advance of construction. But the novelties in requirement 
and difficulties of construction, imperfectly met by improvised rather 
than matured plans, — resulting in experiments, errors, and costly reme- 
dies, — the connection with the boilers, 200 feet distant and in another 
building, the purchase and setting of a costly and high-power engine 
with its shafting through the tunnel, together with a very considerable 
amount of work done for the Chemical, Mechanical, and Mining Depart- 
ments, made a total bill which cannot properly be charged to the 
necessary cost of introducing a system such as has been described. 

[To be conttnuedJ] 



Note. — The illustrations will be given in connection with the second portion of this 
article. 
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ELEMENTARY NOTES ON GRAPHIC STATISTICS. 
By DAVIS R. DEWEY, Ph.D. 

I. DefinitioQ and Uses. — With the recent progress in statistical art 
or science there has been developed a method of illustration applied to 
statistics by means of lines, surfaces, and maps. Experience shows that 
statistics are made more luminous and arc better understood by their 
graphic representation. An analogy may be found in the application of 
geometrical figures to algebraic formulas. Graphic illustration in sta- 
tistics has little significance or utility except where comparisons are to 
be made. For example, the drawing of a perpendicular line three inches 
high to represent, we will say, the three dollar per diem wages of a 
laborer, does not assist the thought in grasping the numerical concep- 
tion three ; but if it be desired to compare the wages of two laborers, 
the one receiving three dollars per day, and the other two, aid may be 
rendered by the use of lines or other symbolic representation. Just as 
the subject of statistics itself implies the treatment of more than one 
number, so the graphic method applied to this subject implies the com- 
parison and differentiation in one view or picture of a number of facts 
of a numerical character. 

Not only does the graphic method assist thought, but it may also be 
an instrument for the discovery of new truth. This may be illustrated 
by the following example: In the first place consider the number of 
deaths in Massachusetts in each quarter of the year 1885. When these 
are reduced to percentages, it is found that — - 

36.5 per cent died in the first quarter ending in March. 
24.9 per cent died in the second quarter ending in June. 
37.7 per cent died in the third quarter ending in September. 
30.9 per cent died io the fourth quarter ending in December. 

Suppose the investigator wishes to compare these percentages with 
the mortality statistics of previous years ; examination shows that the 
distribution of deaths over the four seasons of 1885 bears a certain simi- 
larity to the distribution of deaths for the fifteen years, 1871-1885. The 
average percentages in the latter case for the whole period are : 24.4; 
23; 29.1 ; and 23.5, respectively. In this case there is manifestly little 
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to be gained by the employment of graphic representation of these per- 
centages. The mind readily perceives that the year 1885 was no excep- 
tion to the rule of greater mortality during the summer months, and 
that in the other seasons there is some marked variation. Secondly, 
however, suppose that one wished to compare the mortality in Massa- 
chusetts by mont/is instead of by quarters, and instead of comparing 
the mortality in one year with that of the averages of fifteen years, it 
were required to compare at one view the mortality in each and every 
one of the fifteen years with the average rate. It is obvious that it 
would be necessary to compare twelve columns each with fifteen rows 
of figures, and from such a table attempt to discover minute deviations 
and similarities in the various death rates of the several years. This 
it would be almost impossible to do : even the comparison of the per- 
centages by quarters, thus reducing the table to four columns instead 
of twelve (but with the same number of rows), would not be an easy 
task. It demands a peculiar and exceptional natural gift as well as 
training to be able to visualize at once an extended collection of figures 
and at the same time judge of their meaning and force, even when the 
figures are arranged in orderly columns.* 

A third advantage in graphic illustration of statistics, as suggested 
by Levasseur, is its use as an instrument of control. Mistakes in 
figures may be easily overlooked ; but when these figures are placed 
in graphic form, the error becomes so glaring that it immediately 
arrests attention.f There is no need at this point of saying more of 
the utility of the method of graphic statistics ; the increasing demand 
for statistical albums and atlases furnishes abundant testimony to its 
value. 

II. History. — As in most arts, there is in this a dispute with 
regard to prior claims of discovery. According to Block,J this method 
was invented by William Playfair of England. At all events, Playfair 
regarded himself as the discoverer, for in the preface of a work pub- 
lished in 1821, entitled "A Letter on Agricultural Distresses," he 
advances this claim and refers to the " method invented nearly forty 
years ago of representing by charts or diagrams the progress and pro- 

* See Block, Statistique, ch. 13, p. 401. Massachusetts Registration Report, 1885, p. 90. 
See, also, Walker's Statistical Atlas, p. 5, for remarks on the uses of charts and maps in the 
discovery of new relations. 

t La Statistique Graphique, p. 33. Originally publisjied in Jubilee Vol. of Lond. Stat. Soc.» 
pp. 218-250. 

X Statistique, pp. 401-404. 
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portional amounts of prices ; that method having met with much appro- 
bation on the Continent, and Baron Humboldt having declared it to be 
the best mode of impressing on the mind proportional quantities."" 
Meitzen, however, refers to the similar work of a German in 1782-85 
who apparently thus antedates his English colaborer.f The method 
was quickly adopted by others ; it was brought to the attention of the 
International Statistical Congress which met at Vienna, and at the 
session of 1873 at St. Petersburg it was fully discussed in three exhaus- 
tive memoirs by Ficker, Schwabe, and Mayr. 

ni. The Method. — The ways by which statistical matter can be 
represented in graphic form are numerous. During the past few years 
these various devices have been roughly classified under different 
technical names by European statisticians; and although these names 
are purely arbitrary, it is more convenient and satisfactory to borrow 
the foreign terminology.^ These methods may be divided into two 
principal classes known as : -~ 

A. Diagrams. 

B, Cartoorams. 

Further, diagrams § are distinguished as follows : — 
I. TAe dot or point. — The grouping of dots or points in certain num- 
bers in order to make statistical comparisons is probably the simplest 
possible method which can be devised. This is, however, too simple a 
device to be of much practical application. It is generally used in 
combination with cartography, or may be used independently, as in the 
required comparison of the relative density of population per square 
mile in two given countries or districts. Let arbitrary areas or squares 
be constructed, all of equal size, to represent the square mile, and in 
the several squares distribute as many dots as there are units in the 
population densities per square mile respectively. || 

• Page iv. t StatUtik, p. 24. 

X FuTcUsuficalianiiSee Haushofei.Stalislik, p. 47; Blocli, p. 404; Levasseur. p. 3; .Meiticn, 
p. 166; Mayr. In Walker's Statistical Atlas, p. 2, the distinction is made bvlnecn Gcumetiical 
kad Geographical illuitralions. 

% According to Block, the two slalistlcians who made the most frequent ujc of this were 
.Schwabe and Mayr, who were the Rm to trace (heic Iheiiiy. See Complu Uendii du Congiei de 
Si. PctcTiburg, 1871. Also in vol. of Permanent Commiasion, 1876. A theoretical cisay was 
pmcnted to the Congress in 1S57, but appears rudimentary. 

Q Lerasseuc in his monograph. La SlaCistique Grapluijue, notes this method, pp. 3, 4. See, 
tlaa, Mayr, in Commission Permanenle du CongrJs Intemalional de Slitislique, Memoires, St. 
PeUntburg, 1S76, pp. 66, 67. Illustraiion of this method is furnished, and its utility shown. In 
Scribner's Statistical Alias there ti a good example of its use in representing the dittribotion of 
lehtK>!hi.use5 in Indiana in 1853 and iSSo by counties. Page lix. 
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2. The line, a. Straight. 

See Levasseur, Stat. Grap. 4-6 ; Block, 403-406 ; Mayr, as above, 
68-76. 

The use of the line is a simple method of presenting a series of facts 
of the same nature ; either the horizontal or the perpendicular line can 
be used, but the latter is preferable. Upon a horizontal line used as ' 
the base or axis (line of abscissas), erect a number of perpendicular 
lines proportional to each other in the same ratio as are the numerical 
facts to be represented. The length of the axis may be graduated or 
entirely arbitrary. For example, in the illustration of the populations 
of several countries, it is necessary to graduate only the ordinates, these 
being placed at equal distances from each other. Generally, however, 
the axis as well as the ordinate is employed to represent a definite fact, 
as in the illustration of the fluctuations of price, it is graduated to in- 
dicate units of time. It is always customary to employ this for the 
representation of the time-unit. 

b. Curved. — The graphic art, however, goes farther than the mere 
erection of ordinates. It is customary to connect the termini of the 
perpendicular lines by another line, which will naturally be irregular in 
its course. This is termed a curve ; and it makes the representation 
much more vivid. This device is especially necessary when it is de- 
sired to compare the simultaneous movement of several phenomena, or 
in a comparison, coincident in time, of births, deaths, and marriages. 
" It enables us to see at a glance not only the general character of the 
change in each of these amounts, but also the relations in which the 
changes in one element stand to another. It calls our attention to 
sequences and coincidences of time, and prompts us to seek for the 
concealed connection between them." " Historical curves supply in the 
most convenient possible form one set of the factors used in every 
explanation of the past and forecast of the future, in so far as it is 
based on an estimate of quantity." * 

Due care must be taken not to distract the eye by the use of too 
many curves in the same chart. The purpose of many charts is entirely 
destroyed by thus encumbering the representation by a great variety of 
lines which it is difficult to follow. It is better to separate the phenom- 
ena and make two or more charts to represent the subject-matter.* 
Assistance is rendered to the eye by distinguishing the curves by color 
as well as by form. The use of a broken line, the succession of dashes 
and dots, etc., will suggest great variety to the chart-maker. 

* Marshall, On the Graphic Method of Statistics. Jabilee Vol. London Stat. See., pp. 252, 
256. 



8.] 



Elementary Notes on Graphic Statistics. 



93 

"The chief advantage of this method," it is stated in Walker's Statis- 
tical Atlas, "is that it eoables the eye to make very minute measure- 
ments, at single points, of the dimensions of the different subjects under 
treatment. Thus, with a perpendicular of the length taken for the 
figures ... a preponderance of one-half of one per cent is easily 
shown. The limitation of this method is found in the fact that but a 
few subjects can thus be shown together, without the eye becoming 
confused, and losing its clue, its thread, as it passes across the figure 
from side to side. 

" The use of alternating light and heavy lines, of continuous, of broken, 
and of dotted lines, and the printing of lines in different colors, will do 
much to postpone this result ; yet, after all is done that can be done to 
extend the capabilities of this method, it fails in representing any large 
number of statistical subjects together." Page 2. 

If but one curve is employed, the cfEect may be increased by shading 
or coloring solid the entire portion between the curve and the line of 
abscissas, thus bringing it out in strong contrast ; if two or three curves 
arc in use, the same device may be employed with corresponding gains 
by the use of appropriate colors or tints.* Beyond the use of three or 
four colors in areas, however, it is not wise to go, as confusion results. 

A further application of the curve, "whenever a statistical subject 
consists of two parts approximately equal, as male and female, is made 
by erecting a perpendicular, and from this bilateral ordinates are drawn at 
equal distances from each other, the ordinates on one side being devoted 
to, say, the male, and the others to the female element, and the several 
ordinates on the one side and on the other being determined as to 
length by the statistical proportions to be represented." The outer 
ends of the ordinates are then connected, and thus a closed figure is 
formed. Such diagrams are frequently employed in reports of Life 
Insurance. f 

Curves are fully discussed by Professor Marshall in a monograph, 
"On the Graphic Method of Statistics," Jubilee Vol. Lond, Stat. Soc, 
pp. 251-360. Although he strongly recommends their use, and even 
prefers the "large collection of historical curves as a standard gauge, 
perhaps bound up in a book or books," he calls attention to certain 
defects which suggest misleading notions. This is especially so in the 
attempts to represent comparative rates of growth of different ^hings, 

•See Census of 1880. Vol. Mortality, Part I., pp. TOt.-jnxU.; also Plate I. folded in the 
back of the volume. 

t Walker's SlatiMical Atlas, Plate XLVII., with a seriesof foily-seven Tigures. Bull, L'Institnl 
lDlern.deStal., Vol. I. (1SS6), pp. iSg, Plates iilusUatlnglhe population of Italy ■ccoidin)' tu mc 
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rather than absolute amounts of increase. Often two curves appear to 
show entirely different rates of increase, when in reality they are almost 
identical, as can be shown by a change of scale. For example : in the 
comparison of the consumption per head of tea and sugar, an erroneous 
conclusion might be drawn from comparing a pound of sugar with a 
pound of tea. It is better to make the scale for tea in ounces.* 

Circular Closed Axis, — Besides the use of the circle as a surface 
illustration, of which a description is given under The Circle, there is 
often employed what may be called " the closed line," in which the axis 
of abscissas instead of being a horizontal line is curved into a circle. 
This method is frequently applied in comparing cyclical phenomena which 
vary with the seasons of the year. Here the closed axis is divided into 
equal spaces of time, usually four or twelve for the seasons or months re- 
spectively. The ordinates are erected from a common point, the centre. 

According to Dr. Farr, who in 1849 speaks of this circular diagram 
as a "new form," this device originated in the office of the Registrar 
General of England. "Mr. Glaisher had represented the mean tem- 
perature of each day of the year by a curve laid down in the usual way 
on a straight line, and it appeared natural to join the two ends of the 
line by substituting the radii of a circle for the ordinates, and the 
angular division of the circle for the abscissas." f 

It was used with great success by Dr. Farr in his celebrated Report 
on Cholera in England, in numerous diagrams to show the temperature 
and mortality of London for each week of the period 1840- 18 50. 
Interesting and novel diagrams are also found in the same volume 
comparing the mortality in the cholera year, 1849, with the mortality 
in the five great plagues, 1593-1665. The significance of this diagram 
is heightened by drawing a circle with a radius equal to an average 
ordinate computed for the whole year, and then appropriately coloring 
the space within and without the circle as the termini of the ordinates 
for the several weeks or months fall within or without this normal radius. 

The contrast thus produced exhibits the course of the phenomena 
in a striking manner. J 

* The mathematical law is stated at length by Professor Marshall on p. 258. Additional 
criticism by Dr. G. B. Longstaflf is found on p. 268. 

The curve is so generally employed in illustration that there is no need to refer to many 
special examples. See Atlante Statistico del Regno D' Italia. Review of t^ie Chief Branches of 
Trade and Manufacture in Russia, in graphic tables arranged by D. A. Timiriazef. 1876. 

t Report of Registrar-Gen. ondolera in England, 1848-49, pp. xlvi.-xlix. 

X For further illustration, see U. S. Census of 1880. Mortality, Part I., p. xlv., for Deaths by 
months in Massachusetts and in New Jersey. Also Part II., pp. xxxii., xxxv., xxxviii., and fre- 
quently. 
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The closed axis is sometimes objected to on the ground that it is 
difficult for the eye to measure radii with precision,* 

3. Surface Figures. 

See Block, 408 ; Mayr, as above, 76-79; Haushofer, 50; Levasseur, 
p. 6. 

The surface figure or area may often be used advantageously instead 
of the line for the purpose of illustration. Here it is possible to use 
colors and shaded tints ; and for indicating several facts at one view, 
the surface may be broken up in one of the following ways : — 

a. By shaded lines drawn in different directions. 

b. By black surface as a background pencilled with white lines. 
(Levasseur, p. 7.) 

c. By colors, when care must be taken not to use a great number of 
colors, as they may become confusing. Further suggestions in regard 
to employment of colors are given under cartography. 

The form of the surface used is of some importance, and choice lies 
between the use of the square, the parallelogram, the rectangle, the 
triangle, and the circle. Polygons may be left out of consideration, as 
they are rarely employed, 

a. The Square. — This has been effectively employed in the French 
Album de Statistique Graphique, published by the Minister of Public 
Works, for the illustration of transportation statistics, by showing at a 
glance the relations between the numb<:r of passengers and the mer- 
chandise tonnage for each railway station. The square is first divided 
into as many rectangles as there are railway systems centring at a 
given station ; and each resultant rectangle is subdivided into parts pro- 
portional to the amount of tonnage and number of passengcrs.f As 
pointed out by Block, there is one objection to the use of the square, 
in that it is difficult for the eye to judge accurately of the relationship 
between many squares. The same objection applies still more to the 
circle. It is easy to see that one is larger than the other, but the exact 
ratio eludes the eye.J 

b. The Circle — As the square is broken up into rectangles, so the 
circle is subdivided into appropriate sections. This device is in frequent 
use. An extensive series is given in Walker's Statistical Atlas, Plates 



" Jubilee Vol. Lond. Stat. Soc. Rcmaits by Dr. G. B. LongatafT, p. 269. 

t See PliDCbe 5, Album de Statistique, 1SS6. 

I Block, p. 40S. See illustration of tbc various kintU of indebtedness of tbe United States, 
u shown in PlUe VI., Vul. Vll., U. S. Census of 18S0 (opposite p. igi). If the figures were 
Qitt Bildcd. few readers would conjecture from a coni[>anson of the scjuarcs, that the public debt 
was oeaily ivrice u laige as the state and local debL 
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LI.-LXIV. ; ♦ and an example is again furnished from the Album de 
Statistique, where it is employed in the representation of the gross 
receipts of railway stations. The circle is divided into as many sectors 
as there are roads, and the area of each sector is made to the total area 
as the gross receipts of each system respectively is to the total gross 
receipts of the station. Each railway has its own conventional color, 
and light shades represent passenger receipts, while dark shades are 
employed for freight receipts.! 

c. The Isosceles Triangle. — (Block, 408, 409.) This is preferable to 
the square or circle for the more vivid representation of numerical ratios, 
especially where the triangles are arranged on the same base lines. The 
vividness of the representation is heightened in proportion as the bases 
of the several triangles are contracted, thus approaching in this respect 
to the effect produced by perpendicular straight lines. Mayr recom- 
mends its use in the illustration in the same figure of the relation of 
several facts, where it is desirable to indicate numerical increments, 
slight but nevertheless important.^ 

d. The Parallelogram, — (Block, 409.) The employment of this 
figure is very similar to that of those already mentioned. Block 
gives it preference. Generally the illustration would consist of narrow 
figures, equal in width, erected perpendicular on the same axis.§ 

Closely allied to this device is the use of bands of various widths 
applied to maps. This is effective in the representation of trans- 
portation statistics, such as gross and net receipts of railways, the 
number of passengers carried, railway and river tonnage. Suppose, for 
example, in a given railway system between Boston and Chicago, the 
gross receipts between stations A and B equalled $1000 per mile in a 
given period of time. If the scale be one inch width of band per ^1000 

* See also the paragraph in Atlas, in explanation of these diagrams, pp. 2, 3. 

t Album de Stat., Planche 3. Various facts concerning the mining industries of the United 
States are illustrated by the circle. See Census, 1880, Vol. XV., pp. 33-38. None of these are 
colored. Notice the defective attempt at comparison of 1870 and 1880, by means of an inner 
and outer circle. Also colored Plates IX., X., et al., XXIII. 

In the Zeit. des Preus. Stat. Bureaus, Vol. XVIL, 1877, p. 196, is another application of the 
circle for the comparison of population densities. The series of circles are broken up into 
hexagrams according to the territoriAl densities respectively. 

X If the increments are large, it is an unsafe method to follow unless narrow bases are 
employed. See, for example, Census 1880, Vol. VII., Plate III., in which the Increase and 
Decrease of National Debts is represented by a series of isosceles triangles. From the study 
of the diagrams alone, few would conclude that the national debt of Turkey was three times that 
of Portugal. The heights of the two triangles are in the ratio of two to one. 

§ Excellent examples of the comparative use of the parallelogram are found in Walker's 
Statistical Atias, Plates XXXI., XXXII. 
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receipts, the band upon the map between these two points will have a 
width of one inch for the distance A to B. If the receipts for the next 
division, B to C, were but two-thirds as much, the band for that space 
will be but two-thirds of an inch in width." 

f. The Solid. — (Mayr, 79, 80 ; Levasseur, 30, 33.) The representa- 
tion of statistics by figures of three dimensions is rarely used. The 
best ejcamples of it are those prepared under the direction of the Italian 
government. Although they may ingeniously combine a number of 
(acts which could not otherwise be represented, yet one of the chief 
advantages of graphic representation is lost, — clearness.! 

B. Cartograms. — Haushofer, pp. 50, 51 ; Block, pp. 410-418 ; 
Levasseur, pp. 18-30. 

These exhibit statistical expressions by means of maps or territorial 
delineations. Cartography is the employment of geography for the 
graphic illustration of statistics. It is used advantageously in comparing 
states, countries, or other political divisions with reference to any statis- 
tical fact. Although cartograms may represent absolute numbers, they 
ire generally employed to express ratios. Relative facts are desired, 
and in particular the difference as compared with the average, 
(Cheysson.) 

Levasseur classi6es cartograms in four varieties : — 

1. Maps with surface diagrams. 

2. Maps colored according to territorial divisions. 

3. Maps with curves. 

4. Maps in relief. 

I. Maps with surface diagrams. — This is a common form of the 
application of cartography. Geometrical figures, as circles, squares, etc., 
are distributed over the map, the figures being proportional in their 
areas to the numbers under consideration.^ A favorite example of this 
in European statistical albums is the representation of transportation 
statistics of different countries. The length of railroad of each state 
is represented by horizontal lines, traced on each state ; while propor- 
tional bands of varying width, following the location of the railroad 
systems, may illustrate the tonnage or expenses of operation. In a 
recent graphic album this method has been used to represent the 
increase or diminution of population in each department of France. 

* Sm Albntn de SlatiBlique, 1886, Plknche, pp. i, 3. 

t Sec Levasseui (ox >n illusttaliDH of the melbod of the Italiao goveTomeat, p. 34. 
t See map exhibiting the distcibution of vuious sects in Prussia, by means of circlet. 
Zeitictiria Prciusiscben SlatUtiicben Buieam. Vol. XXU. (1S82J, p. 394, Table III. 
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2. Colored maps, — The color and shading here represent the numeri- 
cal ratio to be expressed. An example is in the representation of the 
degrees of illiteracy or literacy in the different parts of the country 
by means of colors. It is a popular method of illustration;* but apt 
to be inaccurately applied, and thus misleading. 

The difficulty as clearly pointed out by Levasseur and Cheysson, in 
two recent monographs f is in the classification of the facts to be 
expressed. 

Before, however, proceeding to a discussion of this, it is desirable 
to distinguish between {a) the monochrome and {b) the polychrome 
methods. 

By the first, the various intensities of the ratios are represented by 
several tints of one color, effected either by paints or hatching ; in the 
latter, two or more distinct colors are used, and these may be tinted to 
express varying degrees of intensity. Levasseur is strongly in favor of 
this system. The red color is applied to all territorial divisions where 
the fact considered is above the general average ; while the blue color 
is confined to the expression of facts below the average. It obviously 
oflFers a greater number of classifications than is permitted by the mono- 
chrome method, and it is claimed, therefore, that the thought of the 
illustration is more easily seized. It is always a question, how- 
ever, where the dividing lines shall come which shall determine the use 
of the red or of the blue. In a g^ven series of twelve categories it may 
be misleading to use the ratio 50 per cent as the distinguishing feature. 

Thus Cheysson criticises its use on the ground that territorial divis- 
ions which were in reality but little removed from the average were 
represented as different in too marked a manner. He therefore in 1878 
proposed to employ a third color for the average zone, or to leave it in 
white. Levasseur hesitates to adopt this, because it may increase the 

* Some excellent early examples of this method are found in Essai sur la Statistique Morale 
de la France, by A. M. Guerry, published in 1833. See maps representing crimes against 
persons, crimes against property, education, etc. An advance in technical execution is shown 
in similar plates prepared by the same author in 1864, published in the great work Statistique 
Morale de L'Angleterre comparee avec La Statistique Morale de la France. In combination with 
these latter maps there is used a great variety of syml>ols ingeniously applied for the expression 
of minor points of interest. Colored maps, illustrating a wide range of social and economic 
subjects, are furnished in the well-known Statistical Atlas of the United States (1870), by 
Francis A. Walker; and in Scribncr's Statistical Atlas (1880). 

t Les Cartogrammes a teintes graduees : Syst^me de classification rendant comparable les 
divers Cartogrammes d'une mSme serie. By M. E. Cheysson. Presented to the Societe de 
Statistique, Feb. 16, 1887, pp. 7. 

La Statistique Graphique. By E. Levasseur. Papers published in Revue Geographique, 1887. 
A different article from that referred to previously, of the same title. 
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cost of the impression and detract, from the simplicity of the illustration, 
He suggests, however, that the category of the " least red intensity " 
and the category of the "greatest blue intensity" should be marked in 
common by black points, which will thus give them a common signifi- 
cance. 

Turning once more to the principle of classification to be adopted in 
the selection of ratios, suppose, for example, it is desired to represent 
the illiteracy of the United States by seven groupings. What should be 
the scale ? 

In Scribner's Statistical Atlas, Plates jo, 51, the following scale 
for " Persons unable to read to total persons " is employed : — 

(a) under 2 per cent ; (</) 10 to 24 per cent ; 

(^) 2 to 4 per cent ; (e) 35 to 49 per cent ; 

(f) S to 9 per cent ; {f) 50 to 74 per cent ; 

{g) 75 per cent and over. 

By this it will be observed that states or sections which have 10 or 
24 per cent of illiteracy respectively will be pictured alike ; whether, 
however, two states with these respective ratios do not consequently 
sufficiently differ in their grade of intelligence and civilization as to war- 
rant a distinction in the cartogram. is open to question. 

Another difficulty occurs where it is desired to make a series of car- 
tognms representing a series of homogeneous facts. Shall each of the 
cartograms in the series be constructed according to its own individual 
character without regard to the whole, or shall there be a uniform sys- 
tem ? (Cheysson.) If the former method be followed, it may result that 
the same tints will indicate different absolute coefficients,* For 
example, in Plate 113 of Scribner's Statistical Atlas, in two different 
maps on the same page, representing the number of horses on farms, 
and the number of sheep on farms, per square mile respectively, the same 
tint is used for " 16 and over" in the one case, and for "40 and over" 
in the other. To obviate such a misconception Cheysson proposes that 
there should be substituted for absolute coefficients their differences by 
relation to a general average. 

Let the local or individual coefficient be d; the general average m ; 

then the proportional difference will be e=. ■ Use the values of e 

in the cartogram in place of the absolute coefficient. 

The application of the cartogram is limited; no scale of degrees of 
color can be devised which will suitably compare extremes which vary 

• See criticism of Dr. G, B. LongsiafF. in Jubilee Vol. Lond. Stat. Soc, p. a68. Other 
difficulties in the cutislruclion uf scales for cartugruns are iodioled in Walket'i Slit. Alias, p. 4. 
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by a wide difference, as, for example, the relative density of population 
in New York City and in the State of Vermont.* 

3. Maps with curves, — Maps with isothermal lines are illustrations 
of this method. It is in general use in meteorology, but it can be 
applied as well to the needs of social science. For example, there has 
been prepared in France a map of the density of the population of Paris. 
It is obvious that to construct such a map it is necessary to learn the 
population of the city by very small units of area ; when the statistical 
returns are thus given, the method is possible and suggestive.f 

4. Maps in relief, — Here again the density of population may be 
represented by elevation or depression from the normal surface of the 
map, in the same way as are physical variations. To the general use of 
such maps there is open, however, the objection of expense and difficulty 
of circulation. 

* In addition to the works already referred to, for further examples of this form of cartograms, 
see: — 

United States Census, 1880, Vol. Population. 

Der Boden und die landwirthschaftlichen VerhSltnisse des Preussischen Staates nach dem 
Gebietsumfarge vor 1866. Atlas. By August Meitzen, Berlin, 1871 (18 Tables). 

Atlas Physique, Politique, Economique de la France. By E. Levasseur. 

Atlas liber die Entwicklung von Industrie und Handel der Schweiz. By Dr. H. Wartmann. 

The Statistical Atlas of England, Scotland, and Ireland. By G. Phillipps Bevan, 1882. 

Similar cartograms are to be found in later issues of the Zeitschift des Preuskischen Stat 
Bureaus. 

Bulletin de U Institut International de Statistique, Vol XL (1887), p. 242. Population 
map of the world by Levasseur, in but one color, tinted. 

t Levasseur, p. 28. 
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ty//0 MADE THE MASSACHUSETTS CONSTITUTION ?• 

By W. p. ATKINSON. A.M. 

To answer this question I must begin by recalling to your memories 
events that are narrated in all your school-books. I need not tell for 
the thousandth time the story of the famous " Boston Tea-Party," which 
took place one hundred and fifteen years ago (Dec. 16, 1773}, "the bold- 
est stroke " wrote home the royal governor, " that has yet been struck in 
America." The subsequent events are all familiar to you, — the closing 
of the port of Boston, the sending of Gage and four regiments, the violent 
proceedings of the British Parliament against the remonstrances of such 
wise and far-seeing statesmen as Burke — all this you read in ail the 
histories. Let us keep our eye on Boston and Massachusetts, and see 
just how the transition was effected from the old to the new regime. 

General Gage, the new governor, arrived in Boston May 17, 1774, 
and was received very respectfully. " He landed at Long Wharf," says 
my history. t "and was received with great parade. The principal officers 
of the government, the selectmen of Boston, and a number of other 
gentlemen were in attendance, with the company of cadets, and amidst 
the discharge of cannon from the admiral's ship and from the north and 
south batteries, he was escorted through King Street, where the troop 
of horse, the artillery company, the grenadiers, and other military com- 
panies were drawn up to salute him. On his arrival at the council 
chamber his commission was read and the oath of office administered by 



* From a coorae of ledum on Englit) 
t Baoy'i Maasachiueits II., 480. 
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the president of the council. A proclamation was then issued continu- 
ing all the officers in their places ; three volleys were fired, three cheers 
were given, and the governor was escorted to Faneuil Hall, where ' an 
elegant dinner was provided for his welcome,* " of which you may read in 
the Boston Post-Boy^ though I fear the reporting was not up to the 
standard of the present times. 

All this was very pleasant on the surface, but alas ! all was quite 
different underneath. Governor Gage was obliged to proclaim the port 
of Boston closed. At 12 o'clock, June i, the doors of the custom-house 
were locked and the courts suspended. The people took no notice 
except by tolling all the bells, but organization was everywhere quietly 
proceeding, and everywhere the Liberty Song was heard to the tune of 

Rule Britannia : — 

*• Be not dismayed! 

Though t>Tants now oppress, 

Though fleets and troops invade. 

You soon will have redress ; 

The resolution of the brave 

Will injured Massachusetts save.^ 

Writs were issued in September convening the General Court in Oc- 
tober, not in Boston, but at Salem ; but before October arrived, Governor 
Gage issued a proclamation dissolving it. This was the last ounce that 
broke the camel's back. The members assembled in spite of the gov- 
ernor's proclamation, resolved themselves into a Provincial Congress, in 
imitation of that Continental Congress which had meantime assembled 
at Philadelphia, and from that moment Governor Gage was no longer 
Governor Gage, but simply a rather red-faced Englishman, walking 
about in a cocked hat. It is from this point that the independence of 
Massachusetts begins, and every step taken by that Provincial Congress 
becomes of the greatest interest. I thought myself very fortunate in 
finding in a second-hand bookstore this copy of the volume of its pro- 
ceedings, printed by the State in 1837, at the suggestion of Edward 
Everett, who was then our governor. • It has already become a scarce 
book, and every page of it is full of interest. It is the sort of book that 
I urge you to examine for yourselves, for such books form the raw mate- 
rial of history, and by the study of them one learns to be himself a his- 
torical inquirer. The very list of the delegates is interesting to a 
Massachusetts man, for here from every town come men with names 
identified with that town's history from its very first settlement ; from 

* Journal of the Provincial Congress of Massachusetts in 1774 and 1775, and of the Com- 
mittee of Safety, etc. Boston, 1838. 8vo. pp. 778. 
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Roxbury, Capt. William Heath and Mr. Aaron Davis; from Brookline 
yonder, Capt. Benjamin White and Mr. John Goddard. It would be a 
curious inquiry how many of these names still survive in the various 
towns of the Commonwealth. 

I wish time allowed me to go into the details of the proceedings by 
which these sturdy ancestors of ours, sitting, for aught they knew, with 
halters round their necks, first at Concord, where they invited the min- 
ister of the town, the Reverend Mr. Emerson (grandfather of Ralph 
Waldo Hmerson), to be their chaplain, and afterwards at Cambridge, 
organized their revolutionary government. 

It was this assembly, spontaneously gathering at the will of the 
people themselves, that was recognized by the people who had chosen 
them as the only supreme authority during the war. The other legal 
and governmental machinery remained undisturbed ; the taxes con- 
linucd to be paid, though the power that had hitherto controlled had 
passed entirely away. It shows what an intelligent and law-abiding 
people they were that they could thus extemporize a new authority in 
place of the missing one, and calmly continue on their way. It is in 
striking contrast tp the hideous chaos of confusion, the massacre, and all 
the bloody work of faction that was so soon to follow on the other side of 
the Atlantic, in the shape ot the first French Revolution. It was the 
difference between the doings of a community accustomed, and of an- 
other wholly unaccustomed, to self-government. 

It could not but be, however, that they should soon feel the want of a 
more regular and organized system, and accordingly we find that as 
early as 1776 a proposition was made that a committee should be ap- 
pointed to prepare a form of government. Accordingly, in September 
the Legislature adopted a resolution to advise the people to clothe the 
members of the next general court with full powers to frame a consti- 
tution, and a majority of members were so chosen, though there was 
a very general opinion that a special convention should be called for so 
grave a work. A joint committee, however, did frame a constitution, 
which was approved by the Assembly and sent out to the people for 
ratification. Here, however, it met with much opposition; and espe- 
cially at a meeting in Essex County a remarkable paper was presented 
by a young lawyer named Parsons who afterwards rose to be chief justice 
of the State, — a document which was widely circulated and had great 
influence. Perhaps it is not too much to say that it was this paper 
which caused the rejection of the plan, and it is curious to see how 
early party divisions began, for this document may be called the first 
manifesto of New England Federalism,* 

• It it printed iu the appendix lo Professor Parsons' Life of his father. 
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This attempt having proved abortive, the Legislature of 1779 put the 
question to the people whether a convention should be called for the 
express purpose of framing a constitution ; and the question being 
answered in the affirmative, such a convention was chosen and met 
September r, 1779. in Cambridge, adjourning afterwards to the Old 
Stale House in Hoston ; but it is curious now to read that by reason of 
the very bad travelling it was a long time before a quorum could 
assemble. 

The journal of the convention itself is a meagre document. It was 
before the days of shorthand reporters and lightning presses, and none 
of the speeches are given. Meagre as it is, however, it is by no means 
without interest for the careful reader. It was printed by order of the 
Legislature in 1832, but it is still scarcer than the other volume just 
mentioned. I have repeatedly tried in vain to procure a copy. It has 
a certain degree of personal interest for me, for in it I found the name 
as a delegate from the old town of Newbury, in Essex County, of my 
maternal grandfather. I should like to put the book in my study 
alongside of the old dragoon sword which my other grandfather girded 
on, when, as lieutenant of (he company from old Newbury, he hastened 
to join the Continental army that was besieging Boston, to the com- 
mand of which a promising young Virginia land-surveyor, named 
Washington, had just been appointed. 

The roll of this constitutional convention, like the one that preceded 
it, is full of old Massachusetts names, and many of their bearers rose 
to great distinction. I pass every day, on my way home, through a 
territory now covered with tenement houses and breweries, the spot 
where stood, in the days of my youth, the pleasant country-seat of a 
family that has given so many eminent names to the State, and has 
been so identified with the establishment of one of our leading in- 
dustries, — the Lowell family. Another distinguished name, con- 
nected in later years with the neighboring town of Brookline, deserves 
a passing notice. In the year 1690 there was born in Limerick, at 
the very time when William of Orange was besieging it, a child 
named John Sullivan. He belonged to a famous old Irish family, 
the O'SuUivans, Lords of Bearehaven. This John Sullivan in after 
years, when he had grown to man's estate, was involved in a plot 
of the Duke of Ormond to restore the Stuarts, and had to flee to 
America, where, in 1722, he had settled down in what was then the 
wilderness of Maine, and what is now the town of Berwick. Here 
he lived on his great farm to the patriarchal age of one hundred and 
four, educating his own sons and daughters, and the other children 
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of the neighborhood, himself; and he must have been a very remark- 
able man, for the biographer of his grandson says, that without any 
other educational advantages than the teaching of their father his 
sons proved able to cope with college graduates and with the leaders 
in the trying times of the Revolution, as lawyers and statesmen. 
One of these sons was General John Sullivan, of the Revolutionary 
anny ; another. James, who was a member of this constitutional con- 
vention, was twice afterwards elected governor of Massachusetts. 
His son was the late Hon. Richard Sullivan of Brookline.* 

It was in 1779 that this Massachusetts Constitutional Convention 
met, eight years before the meeting of the convention that framed the 
United States Corfstitutiun. The war was not over, and it was a 
striking evidence of their confidence in their cause that they could 
engage in such a work when the aspect of affairs was so gloomy. 
Clinton was in possession of New York, and Washington had nothing 
to do but patiently to watch him. The attempt of Lincoln, aided by the 
French fleet, to capture Savannah had proved a disastrous failure, and 
the hopes that had been excited by the French alliance had begun to fade, 
The brutal Tryon was plundering Connecticut, and the little fleet that 
had been sent to capture Castine had just been itself captured and de- 
stroyed. Yet it was in the midst of this gloom that the Massachusetts 
men thus calmly met together to construct for themselves a permanent 
frame of government. Who would be found in that miscellaneous body 
capable of building the political edifice ? It needed something more than 
good sense and good judgment, of which, no doubt, there was plenty; 
it needed far-seeing sagacity, and, above all, political knowledge. A 
common carpenter can build a cottage, but it is only the trained architect 
who can build a great and stately edifice to stand for centuries. Had 
these ancestors of ours any such political architect among them .' The 
hour had arrived : where was the man ? 

To find him we must look back some years. In 1755, twenty-four 
years before, there had graduated at little Harvard College, — very 
small and humble it was then, — at the age of nineteen, the son of a 
farmer in Braintree, His ancestor had been one of the first settlers of 
the town, and when he died had. bequeathed a house of three rooms, 
three beds, a cow, and one silver spoon to his children. But the family 
had prospered and were held in high esteem; and now this youth, with 
sych an education as could be had at Harvard in those days, was going 
out to seek his fortune. Now, in the first book of Massachusetts laws. 
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matle while Massachusetts was a colony, and only seventeen years after 
our fathers had settled in the wilderness, there stood this enactment: 
•■ To the end that learning may not be buried in the graves of our fore- 
f;tthcrs in church and commonwealth, the Lord assisting our eudeavors ; 
it i» therefore ordered by this court and authority "hereof that every 
township in this jurisdiction, after the Lord hath increased them to 
the number of fifty householders, shall then appoint one within their 
town to teach all such children as shall resort to him to write and 
read, . . . And it is further ordered, that when any town shall 
IncrcuHC to the number of one hundred families or householders they 
shall BCt up a grammar school, the master thereof being able to 
inntruct youth as far as they may be fitted for the university;" that 
la to say, in Latin and Greek grammar and a little Hebrew. Now, in 
1755 the town of Worcester, though not the great city it is now, had 
increased to one hundred families, and was bound to establish what, 
following the English fashion, they then called a grammar, but what 
wc should now call a high, school ; and hearing of this young graduate 
from liraintree, they engaged him to come and keep it ; and to enable 
him to get to Worcester they sent a horse down for him to ride through 
what was then still pretty much a wildeniess. Now, if you will look at 
your history, you will find that these were stirring times, though it was a 
good while before our Revolution. It was the time of what we call the 
French and Indian War, a war of immense importance in European 
history ; for by it was finally determined the question whether the 
colonization of North America and the possession of India should 
belong to a representative of the Latin or south European races, the 
French ; or to the representative of the Teutonic or north European 
races, the English. It was a war waged all over the world, and to under- 
stand its magnitude and significance you must read it in the history of 
Europe, not merely in the "history of America. But the operations in 
America, though, with the exception of the capture of Quebec, com 
paratively insignificant, made a great stir in the American colonies 
themselves, and the very year when our young schoolmaster is making 
his way through the woods on horseback to Worcester, foolish General 
Braddock is getting thrashed in the forests of Virginia, in that action in 
which that young Virginia land-sur\'eyor before mentioned showed such 
remarkable coolness and bravery. How little could these two young 
men, — one defending his life against Indians in the Virginia forest, the 
other with his clothes and a book or two in his saddle-bags riding 
through the woods of Massachusetts, — how little could they dream of 
the great destiny fate had in store for them I 
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Our youngster, duly installed in office, writes this burlesqucly gran- 
diloquent account of his situation to one of his friends : — 

" Worcester, a SupL, 1755. 
" I prombed to write you an account of the situation of my mind. Tlie nziiural 
streaglh of my (acuities is quite uusutlicient for the task. Attend, therefore, 10 the 
invocation, O thou goddess, Muse, or whatever is thy name, who inspired Milton's 
inunorlal pen with a confusion ten thousand limes confounded, when describing 
Satan's voyage through chaos, help me in the same cragged strains to sing things 
imatlempted yet in prose or rhyme. When the nimble hours have tackled Apollo's 
coursers and the gay deity mounts the eastern sky. the gloomy pedagogue arises frown- 
ing and lowering like a dark doud begrimed with uncommon wrath to blast the devoted 
land. When the destined time arrives, he enters upon action, and as a haughty monarch 
ascends his throne, the pedagogue mounts his awful great chair and dispenses riglit and 
justice through his whole empire. His obsequiot^s subjects execute the imperial 
mandates with cheerfulness, and think it their high happiness to be employed in the 
services of the emperor. Sometimes paper, sometimes his penknife, now birch, now 
arithmetic, now a ferule, then A, B, C, then scolding, then flattering, then thwacking, 
call for the pedagogue's attention. At length, his spirits all exhausted, down comes 
pedagogue from his throne and walks out In awful solemnity through a cringing multi- 
tude. In the afternoon he passes through the same dreadful scenes, smokes his pipe, 
and goes to bed. Exit Muse." 

Plainly, he was not built for a schoolmaster. " The school," he says 
in another place, "is indeed a school of affliction." But while thus 
drudging at a task for which he clearly shows he had no aptitude and 
no love, he writes a remar|cable letter showing how profoundly political 
events were affecting him, though little could the youth of barely 
twenty, as he sat in his pedagogue's chair and governed the little world 
of his schoolroom, dream of the great part he was soon to play on the 
wide stage of the great world's history. 

He determines to adopt a profession, but does not know which to 
choose. Those were the primitive days when the schoolmaster was 
"boarded round," and the selectmen put him for a time into a doctor's 
family, and he dipped into the doctor's medical books, but does not seem 
to have liked them. His invincible repugnance to the gloomy doctrines 
of Calvinism, the only theology then current in New England, pre- 
vented him from becoming a preacher. He wrote afterwards that he 
would have entered the army — the British army, of course — if he could 
have obtained a commission ; but he becomes more and more interested 
in law, and at length, as there were no law-schools in those days. Law- 
yer Putnam agrees to take him as a law student, for the board the 
town allowed, and a hundred Spanish dollars, which he was to pay when- 
ever it was convenient. Then for two years more he kept school for six 
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hours a day, and dug away at the grim old law-books in the evening, 
and it was well that he and all his race had vigorous constitutions. 
Then he is admitted to the bar, and conies back to live with his mother 
and practise law at Braintree ; and presently marries Miss Smith, the 
daughter of the minister of Weymouth, and an admirable wife the min- 
ister's daughter of Weymouth proved to be. 

But there is nothing very remarkable in all this, you say. There are 
plenty of young men to-day who keep school for awhile, study law, and 
then settle down as country lawyers, and marry their neighbors' daugh- 
ters. Could one predict beforehand, which among them, in case of 
some great political emergency, would come to the front as a great and 
sagacious and patriotic leader of the people .' Certainly such men 
sometimes spring up in most unexpected places. Nature has something 
to do with the making of them, for they must be large-brained men ; but 
they have a great deal to do with their own making, for they must be 
something more. A large-brained man may become a skilful lawyer, 
and make a fortune by his practice at the bar, but yet he may be tioth- 
ing but a practising lawyer. He may know only such parts of the law 
as he has use for, such as are most needed in the routine of the courts ; 
many know the law only as an art to get money by. He is nothing 
but a practising lawyer, and, however good as such, can never be any- 
thing else. Another may be skilled in the law in a different and far 
higher way. He has studied the law as a part of the great science of 
society, knows well that part of it that is useful in gaining cases in the 
courts, but knows a great deal more, — the law as it was in past times 
and the law as it is in other countries and among other peoples; knows 
the law, in short, not merely as a money-getting art, but as a great and 
important branch of liberal learning. 

Well, our young law-student was a lawyer of this latter kind, one 
who had not been content with acquiring a rule-of-thumb knowledge of 
a few law-books. He had profoundly studied the subject of the forms 
of government in different ages and nations, as he showed by a book he 
afterwards published. The law-books he read would make some stu- 
dents of our day shudder, and so it was by no accident that when the 
dispute with the mother-country broke out, and the people looked about 
for wise guides and skilful leaders, the young Braintree lawyer should be 
found constantly at the front, or that all sorts of tasks that required 
judgment and wisdom as well as disinterested patriotism should be 
entrusted to him ; or that when at last a successor in the presidential 
chair at Washington was sought for, he was found in one of the fore- 
most statesmen of the day, once the young pedagogue of Worcester, 
and that his name should be John Adams. 
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I have dwelt at such length on the early history of John Adams, 
because, in addition to all his other splendid services to his country, 
Massachusetts owes almost entirely to him the drafting of her constitu- 
tion. Professor Parsons claims, somewhat hesitatingly, and on the 
strength of -tradition, the merit of originating some clauses for his 
father, afterward the distinguished chief justice; and Mr. Samuel 
Adams Wells, in the life of the ancestor for whom he was named, is | 
disposed to claim much of the merit of its authorship for him ; and he | 
prints the address of the convention recommending the new constitu- 
tion to the people, which was written by the famous " Man of the Town 
Meeting." Both these eminent men were members of the sub-commit- 
tee appointed to draw it up, and I have no doubt that if any record were 
left of their consultations, the conservative lawyer and the sturdy pa- 
triot, who was the very incarnation of democracy, would both be found to 
have been sagacious advisers. But outside the lids of his Bible Sam 
Adams was an unlettered man ; and here was a work that required 
political knowledge, and his namesake and distant kinsman, John 
Adams, was far away, the best publicist of his day. " Beyond all his 
associates," says Governor Bullock in his excellent address before the 
American Antiquarian Society,* "in mastery of the whole subject of 
government, grasping and applying the lessons of historical studies wtth 
a power at that time unprecedented on this continent, and adding to ' 
them the original conceptions of a mind of the highest order, he 
proved of all his contemporaries fittest for constitutional architecture." 
Whether Governor Bullock is right in exalting him so high above Madi- ' 
son and Hamilton may be a question ; but he himself had no doubt of 
the merit of his work. When, eight years after, that illustrious conven- 
tion assembled which framed the United States Constitution, he was 
abroad as Minister to England, but he claims even there the influence 
of his work. He says in a letter which has come to light, " I made a 
constitution for Massachusetts which finally made the Constitution of 
United States." 

However this may be, what is certain is, that he put together a con- 
stitution for us in such solid and workmanlike fashion, that it has 
remained virtually unchanged to this day, the oldest constitution in the 
countr)'. Of all the constitutions now in force, two only besides ours 
date back to the eighteenth century : that of New Hampshire, adopted 
in 1792, and that of Vermont, dating from the year after ; and it is safe 
to say that these are substantially copies of our own. Our own has 

• "The Ceniennial of Ihe Massachuseltt Constitation," in TianMCtioiis of the Amcricui A«- 
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remained but little altered. There was a pruvision that at the end of' 
fifteen years the question should be put to the people whether they 
desired any alteration, and they voted that they did not. P'orty years 
after, in the year 1820, in consequence of the district of Maine being 
erected into a State, a constitutional convention was called, and John 
Adams again appeared and was elected its president ; but by reason of 
the infirmities of age — he was eighty-six — he declined. Ht-re Daniel 
Webster, then thirty-eight years old, first came to the front, and we 
find many names familiar to us of the older generation in our boyhood. 
Story and Shaw, and Prescott and Quincy. But little change was made 
by this convention in the organic form of the constitution. In 1853, 
another constitutional convention was called, whose proceedings fill 
three bulky volumes, and which attempted various innovations, but their 
work when submitted to the people was rejected. In the last sixty 
years twenty-seven separate amendments have been adopted, some of 
them of comparatively trifling importance, and none of them altering 
one fundamental principle on which it is founded. Massachusetts bears 
the palm for conservatism, having now lived one hundred and seven 
years under the same constitution, while only seven other States have 
succeeded in living under the same constitution for half a century. 
Four States have had five constitutions apiece, Georgia, South Carolina, 
Texas, and Virginia, while Louisiana is living under her sixth. It is 
noticeable that biennial sessions of the legislature have been substituted 
for annual, in twenty-five constitutions, including all the later ones, an 
example which, with all our conservatism, it would be wise for us, it 
seems to me, to follow. 

Of the general character of the new constitutions Mr. Horace Davis 
of San Francisco says, in an excellent pamphlet in the Johns Hopkins 
Series,' in which he has examined the subject, "The desire to control 
and limit the government is shown throughout the general character of 
these new constitutions. It extends in some respects, though in a 
limited degree, to the powers of an executive and the judiciary, and 
it forms a striking contrast to the generous confidence which the 
people placed in their officers a century ago, and the liberal powers 
entrusted to them. The early instruments were usually very short, 
being often simply a bill of rights followed by a mere skeleton of the 
government. Those of to-day are lengthy documents, full of detail, 
frequently more like a code of laws than a fundamental instrument," 

•"Amerioui CoMlitutioM — the Relations of the Three DepartmenU as ■djusled by ■ I 
Century," being IX.-X. Third Serin of the "Johns HopUu Univcraiiy Siudia in HUtoriol I 
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It seems to me that it may be open to question whether this tendency 
pointed out by Mr. Davis is wholly in the right, direction. Undoubt- 
edly it is intended as a check upon hasty and contradictory legisla- 
tion and the multiplication of useless laws. But on the other hand 
it tends to obliterate the distinction that should exist between consti- 
tutional law and ordinary legislation, and often to make a part of the 
permanent law some provision which may turn out to be only the 
craze of the hour. In one Western constitution there is a solemn 
constitutional provision respecting grain -elevators, while another State 
has attempted to make prohibition successful by a prohibitory clause 
in its very constitution. Is there not danger in this direction of 
bringing constitutions and constitutional law into contempt? 

\ have thus given you a brief account of the framing of the Massa- 
chusetts con.stitution itself. At our next meeting we will consider the 
history of some of the provisions of the Bill of Rights that is prefixed 
to it. 



Arthur A. Noyes. 



AN INDEX TO THE LITERATURE OF THE BUTINES AND 
THEIR HALOGEN ADDITION PRODUCTS (1863-1887). 

By ARTHUR A. NOYES. 

In making this compilation, I have not only been led by the desire 
to contribute a little to the general subject of chemical indexing, which, 
in view of the vast and constantly increasing literature of that science, 
must be regarded as a task of no little importance ; but also I have 
hoped to throw a clearer light on the constitution of the different 
butines, in regard to which great confusion exists in almost all the text- 
books. I have endeavored to make this index as complete as possible 
in original literature, fully realizing that its value must largely depend 
on this; yet, as I have not been able to consult the indexes of all the 
chemical periodicals, a list will be given below of those to which refer- 
ence has been made, in order that it may be clear to what extent this 
index can be considered complete. It is especially probable that the 
Journal of the Russian Chemical Society contains some additional state- 
ments. 

The theory of the structure of organic compounds requires the exist- 
ence of four isomeric hydrocarbons of the composition C,Hj; namely: 
CH,; CH.CH:CH„vinylethylene; CH, : C : CH . CH, methylallene; 
CH : C , C,H., ethylacetylene ; and CH, . C : C . CH^ dimethylacetylene. 
The literature of these compounds dates from 1863,* 

In that year, Caventon, by the action of bromine on the products of 
the decomposition of amy! alcohol by heat, obtained a solid tetra- 
brombutane melting at 1 14° to 1 15°- A tetrabromide, apparently iden- 
tical with this in every respect, has been since obtained from butJnes 
from various other sources : by Prunter, from the butine resulting from 
the action of heat on a mixture of ethylene and acetylene ; by Caventon, 
from that in illuminating-gas ; by Henningcr, from that produced from 
erythrol by reduction ; by Armstrong and Miller, from that existing in 
compressed oil gas; by Roscoe.t from that in the low boiling distillates 

• Bouchardiil, il is Mae, oblaincd in 1S38 (Am. Chem. 27, 33), hy the distillation of caout- 
chouc, a hydrocarbon boiling at I4°.5, which ia classed as a butine in some of the tnt-liuoks; 
■ppacently without aufficirnt reason, however, for its vapor density was not determined, and the 
■nalyies agree with the formula CqHid, which difTers Trom CtT^o by 3.3 per cent. 

t Helbing, to be sure, obtained from Ihe low boiling distillates from coal tar, a bromide 
showing a mclling-poinl of 99°. It is highly probable, however, as Caventon supposed, that 
thil low melting-point was due to iniufBcicDt poiilication. 
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from coal tar; by Ciamician ami Magnaghi, from trimethylpyrrolylam- 
monium iodide and potassium hydroxido ; and also, from the butines 
produced by the action of heat on low boiling petroleum, he.xane, pen- 
tane, ethylene, ami isobutylene. The identity of the butine from illu- 
ininating-gas with that from erythrol has btcn confirmed by Grimaux 
and Cloez, who showed that the tetrabromides of these two butines not 
only agree in melting-point and general appearance, but also that they 
give, on treatment with alcoholic potash, a dibrombutine which unites 
with bromine to the same tetrabrombutylene and hexabrombutane in 
the two cases. Ciamician and Magnaghi, also, have proved the identity 
of their pyrrolylcne with the butiue from erythrol, for both give with 
bromine the same two tetrabromides, one melting at 1 18° to 1 19°, and 
the other at 39° to 40'. 

The constitution of this butine is properly regarded as one of the 
well-established facts of organic chemistry. That it is vinylethylene is 
evident from the following considerations : first, its non-precipitation by 
ammoniacal cuprous chloride, * which excludes ethylacetylene ; second, 
its formation from erythrol f by reduction ; third, the identity of the 
chlorine and bromine addition products of the butine with the tetrachlo- 
ride t and tetrabromide J produced by the action of phosphorus pcntachlo- 
ride and bromide on erythrol ; and fourth, its oxidation § to formic acid 
by potassium permanganate. The statement of Prunier, which has been 
copied by most of the text-books, that ethylacetylene is formed by the 
action of heat on a mixture of ethylene and acetylene, is obviously incor- 
rect ; for Berthelot states that the butine obtained in this way is not 
absorbed by ammoniacal cuprous chloride. It should also be mentioned 
here, that the conclusion of Baswitz and Aronheim, that a butine is 
formed by the action of sodium on vinylbromide. is probably erroneous, 
for they themselves give no evidence justifying it, and Fuchs obtained 
from the same action only ethylene and acetylene; moreover, S. P. 
Mulliken, who investigated the subject last year in the Organic Labora- 
tory of the Institute, obtained, by combining the products of the action 
with bromine, ethylene, acetylene, and bromethylene bromides, but no 
butine tetrabromide. 

The butine obtained by Lermontoff by the action of sodium eth- 
oxide on the brombutylene derived from pseudobutylene bromide by 
the removal of hydrobromic acid, was shown by Almedingen, in 1881, 
to be dimethylacetylene ; for, in contact with sulphuric acid, it poly- 
merizes to hexamethylbenzene. Consequently, also, the butine which 



f llenninget. 



\ Armstrong and Milkf. 
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Caventon obtained in 1863, was probably mainly dimethylacetylen^ 
though, as he started with an impure butylene bromide, it is not un- 
likely that his product was a mixture of isomers. Moreover, as the bro- 
mine addition product of angelic acid, CH,. CHBr. CBr(CH,) . COOH, 
would probably give on distillation the brombutylene CHj.CH:CBr. 
CHa identical with that obtained by Lermontoff, it is reasonable to 
regard Jaffa's butine, which was separated from this brombutylene by 
the action of potassium hydroxide, as dimethyJacetylene. Finally, as 
Wurtz has pointed out, the butine obtained by Pfankuch, by the dis- 
tillation of barium acetate with sulphur, must have been dimethylace- 
tylene, and not divinyl, as the latter states, unless it is assumed that 
3 rearrangement of the atoms occurs in this reaction. 

Ethylacetylene has been prepared* synthetically only by the with- 
drawal of two molecules of hydrochloric acid from the chlorides formed 
by the action of phosphorus pentachloride on methylethylketone and 
butaldehyde. The only proofs of its constitution are the methods of its 
formation, and its precipitation by ammoniacal silver and copper solu- 
tions. 

Methylallene tetrachloride was obtained, some years ago, by Garza- 
rolH-Thurnbackh from aS trichlorbutyl alcohol and phosphorus penta- 
chloride. Last year, from this tetrachloride, by the action of the zinc- 
copper couple, I obtained the butine itself.f Its method of formation 
is satisfactory evidence of its constitution. 

The foregoing statement will be sufficient, I think, to show the ex- 
tent of our present knowledge of these hydrocarbons, and to indicate 
the reasons for the classification of the different references adopted in 
the index. 

In the compilation of the index reference has been to the text-books 
of the following authors: Berthclot, Beilstein (1885), Blo.\am, Hodg- 
kinson and Greenaway, Kekul^, Kolbe-von Meyer, Laubenheiraer, 
Miller, Roscoe and Schorlemmer, Schiitzenberger, and WenghofFer; 
also, to the Dictionaries of Fehling, Ladenburg, Watts, and Wurtz, to 
Carnelly's Melting and Boiling Point tables, and to Richter's Tabellen 
der Kohlenstoff-Verbindungen. 

The indexes of the following periodicals from 1863 to 1887 inclusive, 
have also been consulted : Am. Chem. J. ; Ann. Chem. ; Ann. der 
Phys. Pogg. ; % Ann. chim. phys.; Ber. ; Bull. Soc. chim. ; Chem. News ; 
Chera. Centrbl. ; Gazz. chim. ital. ; Jsb. Chem. ; § J. Chem. Soc. ; J. Gaa- 

• Bruylanis, in 1875. was the fini to obt»in it. 

f An account o\ this invnligation will iood sppeu in the American Cfaemical Jounul. 

X Valunea 131-150 only. % Up to 1S84 oDly. 
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beleucht. Wasserversorg. ; J. prakt. Chem. ; J. Soc. Chem. Ind. ; Mo- 
natsh, Cliem. ; Recueil trav. chim. ; Rep. chim. appl. ; Rep. chim. pure. ; 
Ztschr, anal. Chem. ; Ztschr. Chem. 



Explanation of -, 



. Index. 



The index consists of two parts, — an Index of Authors, alphabeti- 
cally-arranged, and an Index of Subjects, primarily classified under the 
heads of the different bulines. 

The former index gives in the first column the authors' names in 
alphabetic order i in the second, references to the periodicals; and in 
the third, the dates of publication of the original articles. The refer- 
ences to the articles published by the authors themselves are printed in 
Roman type, while reprinted or abstracted articles are in italic* The 
abbreviations used are those provisionally recommended last year by 
the Committee on Indexing Chemical Literature of the American Asso- 
ciation for the Advancement of Science. Those references marked 
with an asterisk I have not been able to consult in the original. In 
some few cases abstracted articles give statements additional to those 
made in the original ; this has been indicated in the index by a dagger 
placed after the reference. 

In the Index of Subjects, as stated above, the subjects are primarily 
classified under the heads of the different butines, and subdivided under 
these in the manner and order usual in text-books ; that is, under Con- 
stitution, Occurrence, Formation, Physical Properties, Reactions. The 
halogen addition products are foifltd under the heads of their corre- 
sponding butines, and arc subdivided in the same manner. The numbers 
preceding the authors' names in this index refer to the articles in the 
Index of Authors. 

In conclusion I desire to express my thanks to Mr. G. R. Tucker for 
his valuable assistance in the publication of this index. 
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1 Almedingen. Zhumal Khim." 13. 392, Jii. Chem. 1881, 359; 1881 

Ber. 14, 2073 ; Bull. Soc. Mm. 37, M3. 

2 .Umediogen. Bull. Soe. chim. ip.^^. 1883 
Andrews, C. W. L. M. Norton and — q.v. 

1 Armstrong. H, E. J. Soc. Chem. Ind. 3. 463. Jsb. Chem. 1884. 1817. 1B84 

* It should be incntioneil (hat no great puni have been taken to make the list of reprinted 
and abMracted luticlei complete. 
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I Armstrong, H. £., 
and A. K. Miller. 

Aronheim, B. 

I Baswitz, M., and 
B. Aronheim. 

I Berthelot, M. 



2 Berthelot, M. 



3 Berthelot, M. 



4 Berthelot, M. 



I Bruylants, G. 



I Butlerow, A. 



I Caventoji, £. 



2 Caventon, £. 



3 Caventon, E. 



4 Caventon, E. 



I Ciamician, G. 

1 Ciamician, G., and 

P. Magnaghi. 

2 Ciamician, G., and 

P. Magnaghi. 



J. Chem. Soc 49, 8i. J. Sac. Chim. Ind. 5, 374; 1886 
Chem, News. 51, 307. 

M. Baswitz and — q.v. 

Ber. 8, 508. Jsb, Chem. 1875, 388; J, Chem. Soc. 1875 
28, 1188 ; Dull. Soc. chim. 24, 408. 

C. R. 62, 947 ; Bull. Soc. chim. 6, 279 ; Ann. chim. 1866 
phys. (4) 9, 466. Jsb. Chem. 1866, 519 ; Chem. 
Centrbl. 1866, 578; Ann. Chem. 139. 279; J. 
prakt. Chem. 98, 290; Zischr. Chem. 9, 338; 
Chem. News. 13, 214. 

C. R. 82, 930 ; Bull. Soc. chim. 26, in; Ann. chim. 1879 
phys. (5) 10, 184. ysb. Chem. 1876, 1163; Chem. 
Centrbl. 1876, 412; Ber. 9, 729; J. Gasbeleucht. 
Wasserversorg. 19, 411 ; J. Chem, Soc. 30, 183. 

C. R. 82, 1359 ; Bull. Soc. chim. 26, 100 ; Ann. chim. 187^ 
phys. (5) 10, 68. Jsb. Chem. 1876, 305; Chem. 
Centrbl. 1876,488; i^^r. 9, 1031; J. Chem. Soc. 
30, 617. 

C. R. 83, 1257; Bull. Soc. chim. 27,158; Ann. (5) 1876 
10, 190. Ztschr. Anal. Chem. 20, 473. 

Ber. 8, 410, 412. Jsb. Chem.\ 1875, 244; Chem. 1875 
Centrbl. 1875, 340 ; Bull. Soc. chim. 24, 382, 383 ; 
Gazz. chim. ital. 5, 222. 

Ztschr. Chem. 13, 524. Jsb. Chem. 1870, 488; 1870 
Chem. Centrbl. 1871*91; i?^r. 3, 623; J. Chem. 
Soc. 24, 215. 

C. R. 56, 646. ^sb. Chem. 1863, 505; Chem. 1863 
Centrbl. 1863, 859; Ann. Chem. 127, 93; Ztschr. 
Chem. 6, 266 ; J. prakt. Chem. 89, 317. 

C. R. 56, 712. Jsb. Chem. 1863, 506; Chem. 1863 
Centrbl. 1863, 1086; Ann. Chem. 127, 347; 
Ztschr. Chem. 6, 309 ; J. prakt. Chem. 90, 46. 

Bull. Soc. chim. 19, 145. Jsb. Chem. 1873, 333; 1873 
Chem. Centrbl. 1873. 226 ; Ber'. 6, 70. 

Bull. Soc. chim. 24, i. Chetn. Centrbl. 1875,500; 1875 
Ber. 8, 828; J. Gasbeleucht. Wasserversorg. 18, 
681. 

Gazz. chim. ital. 17, 476; Ber. 20, 3061. 1887 

Gazz. chim. ital. 15, 252 ; Ber. 18, 2081. Jsb. Chem. 1885 
1885, 800 ; J. Chem. Soc. 48, 1243 ; BuU. Soc. 
chim. 46, 11. 

Gazz. chim. ital. 15, 503. 1885 
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3 Ciamician, C, and 
P. MagnaghL 
Ooei. C. 
I Cloez, S. 
I Colson, A. 
3 Colson, A. 

3 Colson, A. 

4 ColsoD, A. 

I Davis. G. E. 
I Favoisky, A. 



3 Favoraky. A, 

1 Fuchs, E. 

t Garaarolh-Thum- 

iackh. K. 
t Grimaux. E.,*and 

C. Cloez. 

2 Grimaux, E., and 

C Poez. 



2 Henninger, A. 

3 Henninger, A. 



4 Henninger, A. 
I JaiK, B. 



Gazz. chira. ital. 16, sii; Ber. 19. 569; 
Soc. 50. 521 ; Bull. Soe. Mm. 47, 286. 
E. Grimaux and — q.v. 
Bull. Soc. chim. 10, 1. 
C. R. 104, 1 14. 7. Chem. Soc. 53, 354. 

104, 1 287. Btr. {Re/crate) 20, 



3^^; 7- 



Chem. Soc. 52, 7B7. 
Bull. Soc. chim, 47. 914. 
Bull. Soc. chim. 48, 52. Btr. {Re/eraie) 20, 696; 

Chem. N^cuis. 56, 269. 
J. Soc. Chem. Ind. 2, 522. Jsb. Chem. 1884, 1829. 
7r^C*««. 188;, 666; 7. C'mot. Jiv. 48, 645 ; Bull. 

Sec. chim. 43, 112. 
Zhurnal Khirn.* 17, 143. J. Chem. Soc. 48. 736: 

Bull. Soc. ckim. 45, 247. 
■Zhurnal Kliim. 19, 414. Ber. {Refcrate) 20, 782. 
Ber. 5, 768. Jsb. Chem. 1872. 308; J. Clum. Soc. 

26, 45; Bull. Soc. chim. 18. 494. 
Ann. Chem. 213, 372. Jst. Chem. 1882, 1044; Btr. 

15, 2619; 7. Chem. Soc. 42, 1279. 
Bull. Soc. chim. 47, 913. 

C. R. 104, 1 18. Ber. {He/trate) 20, 100 ; 7. Chtm. 

Soc. 52. 352. 
C. R. 104. 1446; Bull. Soc. chim. 48, 31. Btr. 

(R/ferate) 20, 474, 696; J. Chem. Soc. 52, 789. 
Ann. Chem. 172, 291. Jsb. Chem. 1874,368; Chem. 

Cenhbl. 1874,467; J. Chem. Soc. if,, A^; Gar:. 

chim. ital. 6, 50. 
Bull. Soc chim. 19, 145. Jib. Chem. 1873, 334; 

Chem. Centrbl. 1873, 277; Ber.'\ 6, 70; Chem. 

News. 27, 106. 
Bull. Soc. chim. 34, 195. 
C. R. 98, 150. 7r*. Chem. 1884, 937; Chem. 

Centrbl. 1884, 193; Ber. {Refcrate) 17, 107; f. 

Chem. Soc. 46, 897. 
Ann. chim. phys. (6) 7. 211, 216, 229. Ber. (Refcrate) 

19, 210. 
Ann. Chem. 135. 301. Jsb. Chem. 1B65, 321: 

Ztschr. Chem. 8, 695 ; J. prakt. Chem. 98, 115; 

Bull. Soc. chim. 5, 453. 



li8 



Arthur A. Noyes, 



[Dec. 



I Kuisclieroff, M. 
I Lormonloff, J. 

Millrr. A. K. 

I Norton, I^ M., and 
(.'. W. Andrews. 

I Norton, L. M., and 
A. A. Noyes. 

Noyes, A. A. 

I Noyes, A. A. 

1 Piankuch, F. 

2 Pfanloich, F. 



I Pniaier, L. 



2 Prunier, L. 



3 Pninier, L. 
I Roscoe, H. 

I Wurtz, A. 



i886 



1 886 



Ber. 17, 24. Jsb, Chem, 1884, 519; y. Chem. Sac. 1884 
46, 720; Bu//, Sac, chim, 41, 388. 

See I Almedingen. 1881 

G. Ciamician and — q.v. 

H. E. Armstrong and — q.v. 

Am. Chem. J. 8, 4-8. Ber, {Referate) 19, 393; J, 
Chem, Sac, 50, 604 ; J, Sac. Chem, Ind, 5, 373. 

Am. Chem. J. 8, 362. Ber, {Referate) 20, 200; J, 
Chem, Sac, 52, 226. 

L. M. Norton and — q.v. 

Technology Quart. 1, 280. 1888 

J. prakt. Chem. 112,37. Jsb, Chem. 1871, 435; 1871 
Chem, Centrbl, 1871, 547; J, Chem. Sac, 24, 895. 

J. prakt. Chem. 114, 112, 116. Chern. Centrbl, 1872, 1873 
755. 760; J, Chepn, Sac, 26. 363; Bull, Sac, 
chim, 18, 498, 499 ; Ann. chim, phys, (s) i, 556. 

Bull. Soc. chim. 19, in, 147. Jsb. Chem, 1873, 
347 ; Ber, 6, 72 ; J. Chem. Sac, 26, 487. 

C. R. 76, 1410; Bull. Soc. chim. 20, 72. Jsb, Chem, 1873 
1873. 333; Chem, Centrbl, 1873, 481; Ber, 6, 
825 ; J, Chem. Sac, 26. 1014 ; Chem, News, 28, 
8, 45 ; Gazz, chim, ital. 3, 486. 

Bull. Soc. chim. 31, 294 ; Ann. chim. phys. 17, 12, 17. 1879 

J. Chem. Soc. 47, 671 ; Ann. Chem. 232, 351. Jsb, 1885 
Chem, 1885, 664; Ber, {Rtferate) 18, 619. 

Ann. chim. phys. (5) 1, 557. 1874 
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I. Butines of Doubtful Constitution. 

II. Dimethylacetylene. 

III. Ethylacetylene. 

IV. Methylallene. 
V. Vinylethylene. 



I. Butines of Doubtful Constitution. 

Formation from acetylene polymer by heat. 3 Berthelot. 

barium acetate • and sulphur by heat, i , 2 P£dinkuch ; I Wurtz. 
brombutylene * (from impure butylene bromide) and sodium ethoxide. 
2 Caventon. 



Probably dimethylacetylene. 
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brombutylene * (from dibrommethylethykcctic a^id) and potassium 

hydroxide, i JaffH. 
dibrommctiij'lethylaceiic add * and potassium hydroxide. I Jaff^. 
isohexane by heat, r Norton and Andrews. 
lead acetate * and sulphocyanate by heat, a P&nkuch. 
NoD-formation from isocrotyl bromide and sodium ethoxide. i Buttlerow. 

II. DlMETHYLACETVLENE. 

CoDStitutioQ. I Almedingen ; i Wufti. 

Fonnation from barium atetate and sulphur {?). i, 2 Pfankuch 
brombutylcne (from dibrommethylethylacetic 

hydroxide (?). i Jaff^. 
brombut>lene (from pseudobutylene bromide) and sodium ethoxi 
~ I Almedingen; 3 Cavcnton (?) ; I Lermontoff. 

dibrommethylethylacetic acid and potassium hydroxide {?). I Jaffl 
ethylacetylene and alcoholic potassium hydroxide. 2, 3 Favorsky. 
lead acetate and sulphocyanate by heat ( ?). 2 Pfankuch. 



Wurtz. 
id) and potassium 



alcoholic potassium hydroxide. 



methylethyldichlorm ethane 

I, 2, 3 Favorsky. 
pseudobutylene bromide. See brombutylcne. 
Physical properties. 

Boiling point and general properties (?). 2 Caventon; 2 Pfankuch. 
Reactions. 

Behavior towards bromine (?). 2 Ca\'enlon ; I JafR. 
cuprous chloride. 3 Favorsky. 
silver nitrate solution (ammoniacal). 3 Favorsky; 
sulphuric acid. 1, 2 Almedingen; I, 3 Favorsky. 

Dinuthylaoetykne Dtbromide. 
Formation from butino and bromine (?). 2 Caventon. 
Physical properties ( ?) . 2 Caventon. 

DiniethylacelyUtu Tetrabromide. * 
Formation from butine and bromine (?). 2 Caventon; 1 JaiH. 
Physical properties (f). 2 Caventon; I JafK. 



111. Ethylacetylene. 
Occurrence in coal tar distillate. 1 Roscoe. 
Formation from butylidene chloride and potassium hydroxide, t Bruylants. 

chlorbutylene (CH, : CCl . C,Hs) and potassium hydroxide. I Bruy- 

lants. 
methylethyldichlorme thane and potassium hydroxide, t Brulyants ; 
I, 2, 3 Favorsky; I Kutscheroff. 



■ Grimaux and Cloez obii 
bromide, which ihey consider ii 
Cloci uid I Ciamlcian. There 
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n of vinylrihylen 
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Physical properties. 

Boiling point, i Bruylants. 
Odor. I Bruylants. 

Reactions. 

Behavior towards bromine, i Bruylants. 

cuprous solution, i Bruylants ; 2 Favorsky ; i Kutscheroff. 

ethyl alcohol (in closed tubes). 2, 3 Favorsky. 

mercuric chloride solution, i KutscheroE 

potassium hydroxide. 2, 3 Favorsky. 

silver solution, i Bruylants ; 2 Favorsky ; i Roscoe. 

sulphuric acid. 3 Favorsky. 

Ethylacetylene Dibromide. 
Formation from butine<and bromine, i Bruylants. 

Ethylacetylene Tetrabromide. 

Formation from butine and bromine, i Bruylants. 
Physical properties, i Bruylants. 

Copperethylacetylene, 

Formation and physical properties, i Bruylants ; 2 Favorsky ; i Kutscheroff. 

Reaction. 

Behavior towards hydrochloric acid, i Kutscheroff. 

Silverethylaceiylene. 
Formation and physical properties, i Bruylants ; 2 Favorsky ; i Roscoe. 

IV. Methylallene. 

Methylallene Tetrachloride, 

Formation from afi trichlorbutyl alcohol and phosphorus pentachloride. i Garzarolli- 
Thumlackh. 

Physical properties, i Garzarolli-Thurnlackh. 

V. ViNYLETHYLENE. 

Analysis. 

Determination with other unsaturated hydrocarbons in gas mixtures. 4 Berthelot 

Constitution, i Armstrong and Miller; i, 4 Colson; 2, 4 Henninger. 

Occurrence in coal gas. 2 Berthelpt; 3, 4 Caventon; i Cloez(?); 2, 4 Colson; 

I Davis; i, 2, 3 Grimaux and Cloez. 
coal tar distillate, i Helbing ; i Roscoe. 
oil gas. I Armstrong ; i Armstrong and Miller. 

Formation from acetylene and ethylene by heat, i Berthelot ; 2, 3 Pnmier. 

acetylene-polymer by heat. 3 Berthelot. 
amyl alcohol by heat, i, 2 Caventon. 
bromethylene. See vinylbromide. 
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erythrol and formic acid. 3 Ciamician and Magnaghi; i, 2, 3 

Crimaux and Cloez ; 1, %, 3, 4 Heuninger. 
ethylene by heat. 1 Norton and Noyes. 
ethylene and acetylene by heat, i Berlhelot; 2, 3, Prunier. 
hexane by heat, i Norton a.nd Autlrews, 
isobutylene by heat. 1 Noyes. 
isohexane by heat (?). I Norton and Andrews, 
pentane by heat, i Norton and Andrews, 
petroleum (low boiling) by heat, i, 3 I'runier. 
Irimethylpyrrolidykmmomum iodide and potassium hydroxide. I, 2, 3 

Ciamician and Magnaghi. 
vinylbromide and sodium, i Baswitz and Aronheim (?); 1 Fuchs 

(non-formation). 

vinylethyiene tetrabromide and zinc copper couple, i Armstrong and 
Miller. 
Physical properties. 

Boiling point. 1 Davis ; 2 Ciamician and Magnaghi. 
General properties, i, 4 Henninger. 
Reactions. 

Behavior towards bromine. See all Ihe references under tetrabromide. 
chlorine. 2, 4 Henninger. 

cuprous chloride. 1 Armstrong; I Annstrong and Miller j 
I Bertlielot; 2 Cavenlon; 1 Norton and Andrews; 1 
Norton and Noyes ; i Noyes. 
hypochlorous acid. 2 Crimaux and Cioez. 
potassium permanganate. I Annstrong and Miller, 
sulphuric acid, i, 4 Berthelot. 



VinyUlhylene Dibromide. 
Formation from vinylethyiene and bromine. 3 Grimaux and Cloez. 
Ph}-sica] properties (boiling point, etc.). 3 Crimaux ajid Cloez. 

Vinylethyiene Tdrah-omide. 
Formation from erythrol and phosphorus pentabromide. i, 4 Colson. 

vinylethyiene and bromine. See references under physical properties. 
Physical properties. 

Boiling point. 2, 3 Grimaux and Cloez. 

General properties, i Qoez (?) ; I Norton and Noyes. Also, references under 

melting point. 
Melting point. 1 Armstrong; i Armstrong and Miller; i, 3, 4 Caventon; 
I Ciamician; i, 2, 3 Ciamician and Magnaghi; 1, 4 Colson; z, 3 Gfimaux 
and Qoez; i Helbing; i, 4 Henninger ; I Norton and Andrews ; i Noyes; 
I, 3, 3 Prunier; t Roscoe. 
Solubility in alcohol, a Grimaux and Cloez. 
ether. I Colson. 



Behavior towards alkali 2 



1 Caventon ; 4 Colson. 
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ammonia (alcoholic). 3 Ciamician and Magnaghi. 

aniline. 2, 3 Colson. 

bromine, i, 4 Colson. 

heat I, 3 Grimaux and Cloez. 

lead acetate. 2, 3, 4 Colson. 

nitric acid. 2, 3, 4 Colson. 

potassium acetate, i Caventon. 

potassium hydroxide. i Caventon; i Cloez (?); i, 2, 3 

Grimaux and Cloez. 
silver acetate. 3 Caventon ; 4 Colson. 
silver nitrate (in nitric acid). 2, 3, 4 Colson. 
toluidine. 2, 3 Colson. 

VinyUthylene Teirabromine {Isomer), 

Formation from vinylethylene and bromine, i Ciamician ; 3 Ciamician and Magnaghi. 

vinylethylene tetrabromide by heat, i , 3 Grimaux and Cloez. 

Physical properties, i Ciamician; 3 Ciamician and Magnaghi; i, 3 Grimaux and 

Cloez. 

Vinylethylene Tetrachloride, 

Formation from erythrol and phosphorus pentachloride. 2, 4 Henninger. 

vinylethylene and chlorine. 2, 4 Henninger. 

Physical properties (melting point, etc.). 2, 4 Henninger. 



Nitro-BcHzyl Hydroxy lamines. 



NITRO-BENZYL HYDROXYLAMINES. 

By p. S. liLJRNS ,VND J. P, GRAEKIELD. 

The present investigation, of which tiiis paper is a partial record, had 
for its object the preparation and identification of the ortho-, meta-, and 
para-nit ro-benzy I hydroxy! amines. The examination of the condensa- 
tion products o£ these isomers, and of the products of their decomposi- 
tion on boiling, together with their action on other bodies, will form the 
subject of a succeeding paper. 

It has been observed" that benzyl acetoxira decomposes on boiling, 
though the decomposition products were not isolated. From this decora- 
position of the analogue and from the structural composition of the 
nitro-benzyl hydroxy lam ines, it was anticipated that these compounds 
would give interesting side products. * 

The general method of producing the above compounds was as 
follows : — 

Ortho- and para- nitro-benzyl chlorides were prepared after the 
method t for the preparation of the mcta-nitro-benzyl chloride by treat- 
ing a chloroform solution of nitro-benzalcohol with phosphorous pent- 
achloride. This method was found to give an excellent yield. 

The nitro-benzyl chlorides thus formed were treated with acetoxim 
and sodium alcoholate, giving the nitro-benzyl acetoxim. This treated 
with hydrochloric acid gave the corresponding sait of nitro-benzyl 
hydroxylamine. which on treating with sodium carbonate gave an oil, 
presumably the free base. In this manner the ortho and meta com- 
pounds were obtained, but on applying the same process to the para- 
nitro-benzyl chloride, di-nitro-stilbane was produced. 

Ortho-Nitro-Benzyl Acetoxim. 

The molecular quantities of ortho-nitro-benzyl chloride and acetoxim 
\were dissolved in absolute alcohol, and to this solution was then added 
the molecular amount of sodium alcoholate. The mixture was heated in 
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a flask, with a return condenser attached, on the water bath for several 
hours, or until the oil, obtained by throwing a small amount of the 
solution in water, showed no trace of chlorine. The whole was then 
thrown into a large volume of water, the oil separated out and distilled 
with steam. The milky distillate was extracted with ether, and the 
ether evaporated on the water bath. The oil thus obtained was of a 
light yellow color, heavier than water, boiling at 148° to 150'' at 80mm. 
pressure, undergoing slight decomposition, but which decomposed almost 
entirely on boiling at the ordinary pressure. The oil has a pleasant 
aromatic odor, is soluble in alcohol and ether, and insoluble in water. 
An analysis for nitrogen gave : — 

Found. Tbeoiy for CieH^N/V 

12.92 per cent N. I3«46. 

The action may be represented as follows : — 

CH, CH, 

CO = NOH + NaOCjHs + CjH^ ^^^Q = ^ = NCX^HeNO, + C^HjOH + NaQ. 

CH, * CH, 

Acetoxim Sodium alcoholate ^'^^"^^ Nitro-benzyl 

»w«.»vAuu ^^v«Muj«. .uvvnfi.M. chlonde acetoxim 

On oxidizing the ortho-nitro-benzyl acetoxim with alkaline potassium 
permanganate, a crystalline body, melting at 145®, was obtained, which 
was in every way identical with ortho-nitro-benzoic acid. 



Ortho-Nitro-Benzyl Hydroxylamine Hydrochloride. 

On boiling the ortho-nitro-benzyl acetoxim with a concentrated aque- 
ous solution of hydrochloric acid, complete solution took place, and on 
evaporating the solution on the water bath colorless acicular crystals 
were obtained. The crystals were dissolved in absolute alcohol, from 
this solution reprecipitated by the addition of ether, and dried over sul- 
phuric acid. An analysis of the salt thus prepared gave, for chlorine : — 

Found. Theory for CtH^NOQ. 

17.21 per cent Q. ^7*35 P^r cent CI. 

This hydrochloride is very hygroscopic, readily soluble in water and 
alcohol, and insoluble in ether. It melts at 97® to 100'', decomposing on 
further heating. An aqueous solution of the salt readily reduces Feh- 
ling's solution, one of the properties of hydroxylamines. 

The production of nitro-benzyl hydroxylamine hydrochloride may be 
represented as follows : — 



Nitro-Benzyl Hydroxylamines. 



CNO-C,H8NO,+ H,0+ Iia= CO 



On treating the aqueous solution of the hydrochloride with sodium 
carbonate, effcrvesence took place and an oil separated out. The oil 
immediately redissolved on acidifying with chlorhydric acid. This was 
probahly the free base, 

J. / OC,H,N0, ■ 
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Meta-Nitro-Beszvl Acetoxim. 
On treating meta-nitro-benzyl chloride with acetoxim and sodium 
alcobolate, after the same manner as that described for the preparation 
of the ortho compound, an oil of a light yellow color was obtained, 
which, however, not being volatile with steam, was purified by distilla- 
tion. Most of the oil came over at igS" with a pressure of 72mm., un- 
dergoing but very little decomposition. The analysis of the distillate 
at igS° gave for N : — 



It gave, upon oxydation with potassium permanganate, a crystalline 
body slightly soluble in water, melting at 143°, which properties show it 
to be meta-nitro-benzoic acid. 

Meta-Nitro-Benzvl Hydroxylamine. 

On boiling the meta-nitro-benzyl acetoxim with an aqueous or alco- 
holic solution of chlorhydric acid, it undergoes an analogous decomposi- 
tion to the ortho compound, forming a body crystallizing from alcohol in 
long needles, which, after drying over sulphuric acid, melt at 178°. 

This hydrochloride readily reduces Fehling's solution. 

The analysis for CI gave : — 



Para-Nitro-Benzyl Acetoxim. 
On treating para-nitro-benzyl chloride, in a similar manner to the 
ortho- and meta-chlorides, with acetoxim and sodium alcoholate, a yel- 
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lowish crystalline body was obtained, which melts at 280®, somewhat 
soluble in hot glacial acetic acid, and which gave on analysis for N : — 

Fouud. Theory for ^\fi-xi^^^- 

10.36 per cent N. 10.29 P^r cent N. 

These and other properties, as volatility, prove the body to be para- 
di-nitro-stilbane. 

The action was then tried by dissolving the acetoxim and para-nitro- 
benzyl chloride in ether, and then adding metallic sodium in small 
pieces : di-nitro-stilbane was also formed in this case. 

Again, the action was tried, by adding to the para-nit ro-benzyl chloride 
dissolved in benzol, sodium acetoximate. Di-nitro-stilbane was formed 
as before. 

An attempt was then made to form the para-nitro-benzyl acetoxim by 
nitrating benzyl acetoxim, on the supposition that the para body would 
be among the nitrated products. The nitration was conducted after the 
usual method of dropping the fuming nitric acid into the chloride at a 
temperature below o®. The nitration was also tried by using potassium 
nitrate and sulphuric acid. No nitro-benzyl acetoxim in either case was 
formed, the principal product being benzoic acid. 
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Bv F. W. CHANDLER. 

In the selectinn of a site for the country house, however great the 
attractions may be, avoid any not well drained naturally. Much can be 
done by artificial drainage, but any ordinary filling only raises the 
finished surface a few feet more or less above the wet which is difficult 
to drain away. This applies particularly to level lands, as on a slope 
drains may be laid that will lead the water to the surface at a lower 
grade than the bottom of the house cellar. 

On the other hand, the soil may be perfectly dry, but hard and 
clayey, land that in the spring time makes the plastered walls of the 
cellar damp, and wet spots to show perhaps, on the cellar concrete ; for 
after heavy rains, because the soil will not leach, the water will follow 
down along the house and easily find an entrance through the ordinary 
cellar wall. This is land perfectly healthful to live on, if it can be 
drained to take care of the few wet montiis, for during the long summer 
everything is perfectly dry. If there is a public sewer, both the sewage 
and this water can be taken care of satisfactorily. If there is no public 
sewer, then reliance must be placed on the cesspool. In considering 
either case, the draining of the cellar wall is the first part of the system 
to be arranged for in the order of building. The bottom of the wall 
begins commonly from twelve to eighteen inches below the finished 
cellar floor. The trench from the outside of the cellar wall to the bank 
should be at least twelve inches wide at the bottom and two feet at the 
top; this allows plenty of room to examine the building of the wall, to 
see that it is carefully pointed to shed water, or to see that the outside 
of the wall is thoroughly plastered with clear cement, — a valuable pre- 
caution to take with a wet soil. At the bottom of this trench the drain- 
pipe is laid, and above this the filling may begin with small stones, 
gravel free from clay, or sand, allowing eighteen inches at the top for 
loam. In the laying of this drain-pipe care must be taken to have a 
regular fall to the outlet : the grade may be as little as one in four 
hundred and be effective. The highest point of this drain-pipe should 
be at the bottom of the footing stone of cellar wall, and the lowest point 
nearest to the sewer or cesspool, as the case may be. Tlie drain-pipe 
used for this work should not be the agricultural tile drain so cora- 
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monly used, but should be of second quality glazed pipe four inches in 
diameter, as advised by Mr. Ernest \V. Bowditch. This stjcond quality 
is perfectly strong, but the glazing is imperfect, or it may be twisted, or 
the hub cracked or broken, all faults of no consequence in this work. 
In regard to expense, this second quality costs less than the ordinary 
drain-tile. The great advantage of thiS pipe is the security of a large, 
clean aperture effected by the hub. The tile drains are only two or 
three inches in diameter, and are usually laid frotn one-quarter to one- 
half inch apart ; this aperture is covered with tarred paper or cloth to 
prevent the earth working in, and then the trench is filled up; but with 
the greatest care taken, these tiles often get entirely choked up, and 
the porosity of the tile amounts to nothing, Mr. Bowditch has been 
called upon a number of times as an expert to find a reason why the 
cellar walls and floors should be wet, when the system of drain-tiles had 
been laid in the most thorough manner, and has invariably found the 
choking up of the tiles with earth t;o be the cause, and has replaced the 
same with the four-inch glazed pipe with entire success. This pipe 
should be laid with the hubs pointing downwards, as a better protection 
against earth entering the joints, which are of course uncemented. 
When the trench is carefully graded, it is better in laying this pipe to 
cut out still more of the earth for each hub, to insure an even bed for 
the pipe; and when the entire circuit of the walls is made, and the two 
ends joined to make one outlet, this must be entered into a trap, and 
this connection made as thoroughly as possible with clear cement. 
Whether this drainage pipe enters into the trap, or is led out to the 
surface at a lower level, it is important that a copper wire netting should 
be so placed as to prevent rats or other vermin entering, as they might 
if the pipes became dry : this netting should be put into the end of the 
second length, so that the last length can be crowded against it, and so 
insure its remaining. The trap must hold a large amount of water to 
guard against too rapid evaporation: it should be at least two feet and a 
half in diameter, with fourteen to sixteen inches' depth of water. It 
may be built of brick laid in cement, or it may be of one of the patterns 
now found in the market. The outlet from this to the drain must begin 
with a bend which should lead down to almost touch the bottom, and 
where passing through the wall of trap must be cemented in the most 
thorough manner, and the rest of this outlet pipe must be laid carefully 
in cement, the hubs pointing upward to its connection with the sewer — 
this outlet pipe being of the best glazed pipe. 

It must be borne in mind that during the summer months the soil 
will probably be entirely dry, the water in the trap will naturally evap: 
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orate, the seal be thus lost, and sewer gas then have free entrance 
through trap and inlet, and so about walls of house. To avoid this 
danger, it is best to lead one of the rain-waler conductors from roof into 
this trap, and as a further precaution, as in case of a drought, build a 
chimney from trap to top of ground with an iron cover, so that it can 
be filled by a hose or other artificial way. In this case the rain-water 
conductors should each have an S-trap, or a larger one if possible, at its 
foot, to lead into a system of their own similar to that draining the 
walls, the final outlet to enter wall waste-pipe beyond the trap. It 
must be understood that the work thus described is from necessity, not 
choice, as in every case where it is possible to do so this sub-soil 
drainage should be ted to lighter .soil, where it can leach away and be a 
system of its own, not even connecting with a sub-soil sewage system: 
in which case there need be no trap ; but do not omit the copper wire 
netting before spoken of. It may be found as the work progresses that 
at times water comes up through the cellar floor, and this must also be 
taken care of. Such a floor must be covered with at least six inches of 
broken stone throughout, besides the finish of concrete; but in addition 
a graded trench should be dug. say six inches deeper at the lowest part, 
and twelve inches wide ; this trench should be the whole length of the 
inside walls running parallel with them, and say twelve inches away. 
At the lowest part of this trench put in a trap, and from this trap lead 
a four-inch iron pipe with bend, turned down to almost touch bottom, 
and lead the other end through the outside wall into trap above water 
line, if waste must finally enter sewer, or into the sub-soil drain of a 
water conductor if the overflow is allowed to leach into the soil. This 
cellar trap is made by the Akron and Portland Companies, and seems to 
be all that is wanted. It is of glazed earthenware, with an iron cover, 
about sixteen inches in diameter and two feet long. It is a regular 
cylinder, and the upper half is perforated with small holes, and when 
the trap is sunk so that the cover is flush with finished floor, these per- 
forations are opposite the broken stone stratum through which filters 
the water. It very rarely happens when the walls are properly drained 
that there is any appearance of wet on the cellar floor, but this is a 
very valuable expedient for an old building where the foundation walls 
are so poorly built that the earth cannot be removed from the outside 
of them to put the drains there, without endangering its stability, 
or for any cause where it is not desirable or feasible to put in the out- 
side drain. The inside drain will do the work perfectly well, but of 
course it would be better if this dampness were outside the cellar walls. 
One could hardly wish to build where all these precautions are neces- 
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sary, and it might be said that such conditions are rare ; but there might 
happen even a more complicated case where there is no sL-wer, and tight 
cesspools must be used either because the earth will not leach, or there 
is not area enough to allow of sufficient sub-soil drainage. In this last 
case there must be a cesspool for the sewage, and another for the cellar 
drainage : pumps should be fixed over them, and they must be emptied 
regularly. 

Thus far there has only been considered the drainage necessary for a 
dry cellar, and the mode of entering the soil pipe into the sewer is too 
well known to need further explanation ; but in the case where the 
sewage can be disposed of by sub-soil drainage, the method as carried 
out by Mr. Bowditch seems by far the best, and this method was also 
devised to take the place of the intermittent flushing tank with its system 
of main and lateral tile-drains, which may under favorable circumstances 
work well enough, but cannot be relied upon. The same difficulty 
obtains in this case as about the cellar walls: the small pipes are 
too easily choked ; more or less of the system thus becomes inopera- 
tive, the drainage becomes too concentrated, and the first sign of failure 
is the appearance of wet on the surface of ground — it "fountains up." 
Then, again, the complication of flush tank should be avoided in every 
case, until a better reason for using them is found than now exists : they 
are liable to, and do, get out of order. The system, as carried out by 
Mr. Bowditch, is to have a tight cesspool at least fifty feel from the 
bouse, into which is led the soil-pipe and overflow from grease-trap. 
This cesspool should be three feet in diameter and five feet high, and 
the inlet should enter at the top, .and the outlet to run out say three 
feet from the bottom, so that all solid matter shall remain in the cess- 
pool, which must be cleaned out occasionally. Of course the connection 
of house with cesspool must be of the best pipe and with tight joints, 
but the outlet is to be built of the second quality of glazed pipe, as before 
spoken of. to be five inches in diameter, laid with the hub pointing 
downwards. If the soil will allow it, Mr. Bowditch digs trenches for the 
main and lateral drains from three to four feet deep, say ten inches wide 
at bottom and eighteen inches at top. This trench is then filled in with 
broken or small stones, so that when the pipe is laid on them, there 
shall be eighteen inches of loam over the top of pipe. The lateral 
drains are put in twenty to twenty-five feet apart, and their length is 
limited by the size of the land ; for example, a lateral of one hundred 
feet might be enough ; but if it were found insufficient, the main should 
be continued twenty feet and another lateral built on; and gates are put 
in so that the sewage may be directed into any lateral desired, to give 
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others a rest. If the topography of the land is favorable, it is a good 
plan to lead a waste-pipe from bottom of cesspool out to the lower slope, 
where a compost heap is collected, and allow the entire cesspool to run 
out at regular intervals. The pipe in the trenches should be placed as 
near the surface of ground as possible, but not so near as to endanger 
its working in winter. Eighteen inches of soil is not too deep for the 
air to penetrate, and its oxygen is doubtless more effective in the purifi- 
cation of sewage than the action of plant life. During the winter, the 
one is of course inoperative, and the other must be very much hindered 
by the frozen ground, so that during this time sewage must be got rid of 
principally by leaching. 
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ON THE ''LOSS ON IGNITION'' IN WATER ANALYSIS, 

By THOMAS M. DROWN, M.D. 

The loss of weight resulting from the ignition of the total solid 
residue of evaporation of a water was, before the introduction of modem 
methods of water analysis, supposed to represent the amount of organic 
matter present in the water. It is now known that this loss, as ordi- 
narily obtained, by heating the platinum dish containing the residue 
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with the free flame of a Bunsen burner, is a very uncertain quantity. 
Two chemists will often get w^idely different results, in consequence of 
varying practice in the temperature employed and the time of heating. 

In order to eliminate this personal equation, as well as to control the 
temperature of the ignition, I make use of a large platinum dish as a 
radiator, inside of which the dish containing the residue is heated. 

The above sketch shows the arrangement. The radiator is 4^^ in. 
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in diameter and 2 in. deep. The dish in which the water residue is 
heated is one inch less in diamtler, and rests on a coil of platinum 
wire, half an inch high. A triangle of platinum wire may be used 
instead of the coil. A flat disk of platinum foil is suspended one inch 
over the inner dish, in order to radiate back the heat and hasten the 
combustion of the organic matter. The radiator is maintained at a 
moderate red heat by means of an argand gas-burner. 

Careful experiments have proved that when solutions of sodium 
chloride, potassium nitrate and calcium carbonate, either alone or in solu- 
tion together, arc evaporated to dryness and heated in this way for half 
an hour or more, there is no loss in weight. When carbonaceous matter, 
like sugar, is burned off in the presence of calcium carbonate, the latter 
loses no carbon dioxide. Organic matter would doubtless decompose 
nitrates, but the quantity of nitrates present in surface waters is so 
small that the weight of the fixed solid residue would sc'ldom be 
affected by their partial or entire decomposition. In fact, nitrates are to 
some extent reduced to nitrites by the heat of the radiator alone, when 
no organic matter is present ; but the amoimt of this reduction is gen- 
erally too slight to be appreciated by the balance. 

The following determinations were made on the same sample of fil- 
tered Cochituate water, in order to compare the loss on ignition in the 
radiator with that obtained by cautiously heating the dish to dull red- 
ness with the Bunsen burner held in the hand. In both cases the brown 
residue of evaporation was heated until the carbonaceous matter was 
completely burned off, leaving a white residue ; and after this ignition, 
the residue was moistened with a dilute solution of ammonium car- 
bonate, dried, and the residue again very gently heated to drive off the 
excess of ammonium salt. 

Lou in Rodialor. Ldki ovei Free Flame. 

Amount uken. .p,-, -„ ,~,.d~ i 



These results show that not only is the loss much lower in the radia- 
tor, but that it is much more uniform. 

It has been found that moistening the ignited residue with ammonium 
carbonate solution is unnecessary when the ignition is carried out in the 
radiator, since no carbon dioxide is driven off ; moistening with water and 
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irrriz a- lOO** C. answers the purpose — restoring any water of combina- 
rjcc which may have existed in the total residue — quite as well. 

The determination of the total solid residue and loss on ignition in 
rnxind waters is an entirely different problem from that presented in 
5:irnce waters. In uncontaminated ground waters there is little or no 
orcir.ic matter, and the mineral matters, consisting in part, it may be, 
o: lime, magnesia, chlorine, and nitric acid, arc generally present in large 
amount. On the evaporation of a solution of this character to dryness 
there is loss of chlorine due to the decomposition of the magnesium 
chloride, and the solid residue is difficult to weigh owing to its deliques- 
cence. On ignition there is loss of water of crystallization and of chlo- 
rine and nitric acid ; indeed, the " loss on ignition " under these circum- 
stances bears no relation whatever to organic matter. 

This difficulty can be remedied by adding an amount of sodium car- 
bonate solution, of known strength, to the water in the platinum dish 
before evaporation, sufficient to make it slightly alkaline. The lime and 
magnesia are then precipitated as carbonates — compounds which are 
not deliquescent, do not contain any water of crystallization, and are per- 
manent at the temperature to which they are exposed in the radiator. 
The chlorine and nitric acid combine with the alkali and give compounds 
which are likewise permanent. When the "loss on ignition" is 
obtained under these conditions in ground waters, or in the effluents 
from the purification of sewage by filtration, it will represent approx- 
imately the organic matter. In good ground waters the loss is nothing. 
The amount of sodium carbonate added is, of course, to be deducted 
from the weight of the total and fixed residue. 

One cannot expect the same sharpness of results in determining the 
solid matters and loss on ignition in water analysis as is obtained in the 
determination of the nitrogen compounds. If 200 cc. of water are taken 
for evaporation, an error of weight of one milligram is equivalent to 0.5 
part in 100,000. When we consider the number of conditions which 
may affect the weight of the residue of evaporation, both before and 
after ignition, — such as the temperature of the air bath, the time of 
heating, the character of the residue, the hygroscopic condition of the 
:itmosj)here, the condition of the air of the laboratory, whether contain- 
ing much du.st, or acid or ammoniacal fumes, —; the lack of agreement 
among chemLsts in this simple determination is not surprising. 

The practice in the chemical department of the Massachusetts Insti- 
tute of Technology is as follows : Two hundred cubic centimetres of a 
Hurface water, or one hundred of a groundwater which contains consider- 
able mineral contents in solution, are evaporated to dryness on a water 
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bath in a hood which is used for no other purpose. To the ground water 
is added, if necessary, sodium carbonate, as above described. When the 
water is all evaporated, the platinum dish is placed in the air bath, con- 
nected with the water hath, for about one hour. The temperature of this 
air bath is 95° to 98° C. The dish is then transferred to a desiccator and 
cooled over sulphuric acid for half an hour: it matters not how long it 
stays in the desiccator after it is cool. It is then weighed, and in order 
that the residue may not absorb moisture during weighing, there are 
placed in the balance case four beakers of sulphuric acid, which is fre- 
quently renewed. This is essential in those cases in which the residue 
has a tendency to absorb moisture. The dish is next heated in the 
radiator until all the organic matter is burned off, moistened with water, 
and put again into the air bath, that it may be, at the second weighing, 
precisely under the conditions as at the first weighing. 

The loss of weight in surface waters, which blacken on ignition, may, 
under these conditions, be regarded as a close approximation to the 
organic matter present, both vegetable and animal ; and thfe residue, or 
"fixed solids" represents, fairly well, the mineral matters of the water. 
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MOMENTARY DEPRESSION OF THE ELASTIC LIMIT 
OF STEEL AT TWO CRITICAL TEMPERATURES, 



Fig. X. Position of V and W. 



By henry M. HOWE, A.M. (Harvard), S.B. 

The phenomena which the present paper describes appear to be con- 
nected with certain very remarkable changes which iron, like the other 
strongly magnetic metals, nickel and cobalt, undergoes in heating and 
in cooling past certain critical temperatures or ranges of temperature, 
and of which many have until lately failed to attract the attention which 
they deserve. 

The phenomena seem to be most marked at two temperatures, which 
have been named V and W respectively. V appears to lie at about 
690*, or a dull red heat ; \\\ at about 
1,050® C, or at a low yellow heat. I 
have suggested grouping the phenomena 
tentatively according to the point at which 
they appear most markedly during rising 
temperature, into the V group and the W 
group. 

The F group includes, during heatings 
a sudden absorption of heat with corre- 
sponding fall of temperature and contrac- 
tion, the emission of a crackling sound, the 
loss of the magnetic properties, a very 
marked change in the thermo-electric 
power, and a sudden enormous rise in 
specific heat, which, according to Pion- 
chon, is nearly twice as great at 720® C. as 
at 66o^ 

The PT group includes an absorption of heat, a complete and extraor- 
dinary change in the fracture, and in the micro-structure as revealed by 
the study of polished and of polished and etched sections ; the sudden 
acquisition of the hardening power, i.e. the power of being rendered 
harder, and of acquiring coercive force or magnetic retentiveness, on 
sudden cooling ; a change in the condition of the carbon which the metal 
contains; the union or welding of closely fitting surfaces, though W\& 
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far below the true welding point of the metal ; and the temporary 
depression of the elastic limit. 

WhiJe certain of the phenomena which occur at f'have been shown 
to be simultaneous, and while the same is true of some of those occur- 
ring at W, yet, partly owing to lack of co-operation among observers and 
partly to the difficulty of measuring high temperatures, we cannot yet 
say with confidence that all the members of each group occur simulta- 
neously. 

During cooling the counterparts or reversals of most if not all of the 
phenomena of the If group occur most markedly at f. Here occurs 
the most marked loss of hai'dening power, the most rapid change of 
carbon condition and of fracture ; and here we find a most extraordinary 
evolution of heat and light, marked expansion, and the temporary depres- 
sion of the elastic limit. 

At least one member of each group is found in perfectly carbonless 
iron ; but the intensity of most, and perhaps all, of the phenomena 
increases very greatly with the proportion of carbon present. Thus, 
when carbonless iron, reduced by hydrogen from pure ferric oxide, is 
heated, a decided absorption of heat occurs both at f ' and at IV. On 
the other hand, though carbonless iron is not materially harder after 
sudden than after slow cooling from II' or from higher temperatures, 
highly carburetted steel, while very easily filed and fairly ductile when 
slowly cooled, if suddenly cooled from IV or from above JV, is harder 
than glass and about as brittle. Further, while a slight quantity of heat 
is evolved when iron containing but little carbon is cooled from above 
I'fpast V, when highly carburetted steel is thus cooled, so much heat 
is evolved as the temperature sinks past Kthat the cooling is arrested 
and the metal brightens visibly. The evolution of light in this case is 
so marked that even the untrained eye detects it readily, while watching 
in a dark room the cooling of a steel bar which has been highly heated 
at one end. It thus seems as if the change in the condition of carbon, 
while precipitated by some allotropic, molecular, or crystalline change 
in the iron, verj' greatly intensifies the phenomena resulting from this 
change, and gives rise to what are practically new ones, since not more 
than their germ, if even that, occurs in carbonless iron. 

Of the phenomena which occur at Kand IV, some have been directly 
observed as these temperatures are passed. Among these are the ther- 
mal, magnetic and thermo-electric ones, and the temporary depression 
of the elastic limit. Others are inferred from a comparison of the prop- 
erties of similar pieces of steel suddenly cooled from different tempera- 
tures. Thus, if steel be suddenly cooled from below iV its properties 



138 Henry M. Howe, [Dec. 

are nearly the same as when it is slowly cooled ; while if it be suddenly 
cooled from W or from slightly above W, we find the glass hardness and 
brittlcness already noted, where we had relative softness and great tough- 
ness, />. capacity for great permanent distortion without rupture : we find 
a new condition of carbon ; lower density ; magnetic retentiveness which 
we did not have before ; a porcelanic where we had a relatively coarsely 
crystalline fracture ; and under the microscope a homogeneous, quasi- 
obsidian-like where we had a composite porphyritic or granitic substance. 
In short, we have a new material so unlike the old, that mere physical 
examination would hardly suggest that one could be converted readily 
into the other. Now, we infer naturally that the change from one con- 
dition to the other occurred when the temperature rose slowly past IV^ 
and that the suddenness of cooling has prevented the change from being 
reversed during cooling. 

In harmony with this inference is the greater evolution of heat in 
dissolving suddenly cooled than in dissolving slowly cooled steel in n. 
calorimeter : this certainly goes to show that the heat evolution due to 
the change which occurs in slow cooling past Vis prevented by sudden 
cooling, and hence that the change itself is prevented. 

At the same time the violent residual stress induced by sudden 
cooling doubtless influences the properties of suddenly cooled steel. 

Certain of these phenomena have been discovered by a most talented 
engineer, Mr. John Coffin, of Johnstown, Pennsylvania ; and it has been 
my good fortune to carry out with him the experiments which I will 
now describe. 

Depression of the elastic limit on passing: W, — Two straight steel 
bars, Nos. 2 and 3, containing 0.67 per cent of carbon, 0.625 inches 
square and four feet long, were heated near each other in a reverbera- 
tory furnace. 3 was supported at its ends only ; 2 lay on the level 
hearth, and was thus supported Dver its whole length. 150 seconds 
after entering the furnace, and while passing a low yellow heat, 3 began 
to bend, and bent about one inch during the next 120 seconds ; after this 
it ceased to bend, though the temperature was still rising. The deflec- 
tion was measured roughly, by inserting gauges between the bar and a 
brick placed beneath it. Removed from the furnace 5.5 minutes later, 
and cooled slowly, the total deflection was found to be 1.05 inches, 
showing that practically all the bending had occurred during the two 
minutes while the bar was rising past some critical point, above which 
it ceased to bend. 2, apparently hotter than 3 had been while bending, 
was now placed on the same supports : no deflection could be detected. 
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Clearly the deflection was not due to temperature, as such, but to 
something which happened while the temperature was passing W. 

Uepresttion of the elastic limit while cooliug from It'' past V. — 
Bar 3 had not bent perceptibly while its temperature was rising past 
V, so that this temperature, as such, does not affect the elastic limit 
abnormally. 

As it was known that the elastic limit was temporarily depressed in 
falling from W past V (indeed, Mr. Coffin takes advantage of this in 
straightening railway axles, on a commercial scale), experiments were 
undertaken to. test the effect of varying time and of varying load on the 
amount of permanent set in passing V. Their results are summed up 
in Table I. (p. 140). 
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Effect of varying time. — Bar 2 was left supported at its ends in 
the furnacL', whose doors were raised slightly, so that it might cool 
slowly. After three hours it was so hot that to handle it was very 
painful. Its deflection was found to be practically the same as that of 
the exactly similar bar 4, cooling in the outer air on a warm summer's 
day, to wit, 0.47 inches vs. 0.44 inches (Expts. i and 2). Hence the 
deflection appears to be independent of the time occupied in passing V. 

Effect of varying load, — Seven experiments were tried. In each 
the bar was heated well above IV, while lying supported over its whole 
length, on the hearth of a reverberatory furnace. It was then removed, 
supported at its ends in the open air, allowed to cool by radiation, and 
the times of successive degrees of deflection noted. The deflection was 
observed by placing a vertical wooden scale beside the middle of the 
bar. In some cases a load, consisting of one or two bricks, was placed 
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on the middle of the bar, A certain deflection of course occurred on 
supporting and on loading the bar : the deflections given in Table I. 
are thoso in excess of this initial deflt-ction. Duplicate experiments, 3 
and 4, 6 and 7, gave results which agreed closely, considering the very 
crude arrangements. 

It is striking that the deflections are proportional to the deflecting 
power of the different loads on cold beams. 

In every case the deflection is very slight at first, then accelerates, 
then becomes slower. In case of the 0.75 inch bars the most rapid 
deflection occurs in each case between the lajth and the r6oth seconds 
after removal from the furnace. The deflection curves of the two 0.625 
inch bars are almost identical, the period of rapid deflection occurring 
between the QSth and the I25t!i seconds, or about thirty seconds earlier 
than in case of the thicker and more slowly cooling 0.75 inch bars. 

The results are given exactly as observed, with no corrections for 
malobservation. I note but one apparent anomaly : the first noted 
deflection of Experiment 7 seems unduly early. As this was one of our 
first experiments, made before we had got into swing, I have little 
doubt that this is inaccurate. 

The reversal of the curves and their final approach to the horizontal 
show that the weakening is temporary. To further test this, in one 
case (Expt. 5) a man's weight was pJaced on the middle of the bar for 
some seconds, beginning at 280 seconds after removal from the furnace, 
or within two minutes of the period of maximum deflection, and within 
30 seconds of the time when the bar had ceased to bend visibly under its 
own weight. This produced no further permanent set measurable with 
our rough appliances. The bar thus stiffens with surprising rapidity. 

That this deflection may be repeated with a given bar on again cool- 
ing from above W past V is shown by the fact that Experiment 5 was 
on the bar which had been used in Experiment 6, now placed convex 
side up. Its new permanent set was still proportional to the theoretical 
deflecting power of the load. So, too, the bar used in Experiment 4 
had been used in Experiment 1, and was now loaded concave side up: 
its deflection was the same as that of a similar bar not previously 
treated. 

To sum up ; the permanent set which steel acquires under transverse 
stress at (' when cooling from W or above, appears to be independent 
of time, but directly proportional to the theoretical deflecting power of 
the load. Thus, in passing this critical point, the metal seems to offer 
to stress a resistance like in kind, but much feebler than that offered at 
the usual temperature. 
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These two depressions of the elastic limit occur while the state of 
the carbon is changing. There is a third condition which often arises, 
and under which the carbon of steel changes from one state to the 
other; to wit, when suddenly copied steel is gently reheated or "tem- 
pered." Mr. Coffin has made the interesting discovery that during this 
change, also, the elastic limit of the metal is depressed temporarily. 

For further information touching these remarkable changes in iron 
the following works may be consulted : — 

Pionchon, Comptes Rendus, CII., pp. 675, 1454; CIII., p. 1122. 

Gore, Phil. Mag.. XXXVIII.. p. 59; XL., p. 170. 

Barrett, Idem., XLV'I., p. 473. » 

Tait, Trans. Roy. Soc. Edin.^ XXVII., p. 125; Proc. Roy. Soc. Edin., VIII., p. 33. 

Osmond, Transformations du Fer et du Carbon, etc., Paris, 1888. Also, Annales 
des Mines, 8th ser., VIII., pp. 8, 14. Comptes Rendus, CIll., pp. 748, 1135; CIV., 
p. 985. 

Sorby, Jour. Iron and Steel Inst., 1887, I., pp. 269, 272. 

Coffin, Trans. Am. Soc. Mech. Eng., IX.; Trans. Am. Soc Civ. £ng., XV., p. 
324; American Machinist, Jan. 15, 1887, p. 4. 

Brinnell, Stahl und Eisen, V., p. 611, 1885, from Jernkontorets Annaler, 1885. 

Bams and Strouhal, Bulletin No. 14, U. S. Geological Survey. 

Baur, Wid. Ann., XL, p. 408. 

Abel, ** Iron," 1883, L, p. 76, and 1885, I., p. 115. 

Stahl und ELsen, VI., pp. 374, 539; VII., p. 447 ; VIIL, pp. 291, 364. 

Tomlinson, Journ. Iron and Steel Inst, 1888, p. 354, from Proc. Phys. Soc., 
London, IX., pp. 107-122. 



Tests of the Strength of Cast Iron. 



SOME TESTS OF THE STRENGTH OF CAST IRON MADE 
IN THE LABORATORY OF APPLIED MECHANICS OF 
THE MASSACHUSETTS INSTITUTE OF TECHNOLOGY." 



By GACTANO LANZA, S.B., C. A 



) M.E. 



The object of this paper is to give a brief account of several sets of 
tests upon the strirngth and other resisting properties of cast iron, car- 
ried on in the laboratory of Applied Mechanics of the Massachusetts 
Institute of Technology, of which the results are, it is believed, of suf- 
'ficient practical value to render them worthy of record. 

The experiments referred to have formed the.subjects of three grad- 
uating theses, viz. : — 

1st. An investigation upon the modulus of elasticity and some other 
properties of cast iron, by Heywood Cochran of the class of 1885. 

2d. An investigation of the tensile and the transverse strengths of 
cast iron, and a comparison of their respective moduli of elasticity, by 
John K. Burgess and Maurice A. Vield, of the class of 1886. 

3d. Experiments upon pulleys, keys, and set screws, by Henry F. 
Eastman and William H. Gcrrish, of the class of 1888. 

The first portion of the work relates especially to the modulus of 
elasticity, and the limit of elasticity of common cast iron and of gun 
iron, both planed and unplaned. 

The main portion of the experiments, however, are upon the trans- 
verse strength of cast iron when used in the forms of window lintels and 
of pulleys. 

The reason for undertaking these tests was, that it is well known that 
the modulus of rupture of cast iron varies greatly, according to the form 
of the casting, and the manner of using it ; and it was considered desir- 
able to obtain some experimental results which should be applicable to 
the forms mentioned. 

Some experiments were also made upon the strength of keys of cast 
iron, wrought iron, and steel, and upon the holding power of set screws, 
all of which are recorded here. 

* Read before the Amciican Society of Mcchanicitl Etigiueeis, October, t8S8. 
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Summary of the First Set of Experiments — by Mr. Heywood 

Cochran. 

The object of the thesis was to determine the values of the modulus 
of elasticity, and of the limit of elasticity of certain kinds of common 
cast iron, and of gun iron, and the eflfect of re-testing the specimens. 

The common iron consisted of a half-and-half mixture of Lake Supe- 
rior magnetic and Harrington irons, the last being made from an 
ICnglish bog ore. 

The gun iron consisted of a half-and-half mixture of Muirkirk, Md., 
and re-melted Salisbury irons. 

The chemical analyses as far as determined were as follows : — 

Gun Iron. Common Iron. 

Per cent. Per cenL 

Total carbon 3.61 

(■raphite 2.80 

Sulphur 0.133 0.173 

Phosphorus . . •. 0.156 0.413 

Silicon l.HO 1.89 

The test specimens, all of which were cast at the South Boston Iron 
I*V)undry, were twenty-six inches long and square in section ; those 
tested with the skin on being very nearly one inch square, and those 
tested with the skin removed being cast nearly one and one-quarter 
inches square, and afterwards planed down to one inch square. 

All were of the same section throughout their entire length. 

'I'hc tables of tests will now be given : — 
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Gauged length, I3".3I25. 
Aru of aection, 1.0455 square ir 



Lo3d. Applied. 




S...„chc.. 


E. 


600 


0.0000 






1.000 


0.0004 




18,148,370 


1,500 


O.OOOfl 




16,077,600 


2,000 


0.0012 




19,008,450 


600 




0,0000 




2.600 


0.0017 




15.433,500 


3,00(1 


0,0023 




14,148,000 


8,500 


0.0028 




13,800,720 


600 




0.0002 




1.000 


O.0032 




13,920,800 


4.600 


0.0030 




14.148,000 


6.000 


0.0042 




13,807,000 


600 




0.0004 




6,600 


0.0048 




13,344,600 


600 




0.0OM 




6.000 


0.0052 




13,533,540 


600 




0,0004 




S.600 


0.0057 




13,521,900 


((,6(>0 


0,0056 






500 




0.0001 




7.000 


0.0001 




13.6aS,I40 


600 




0.0000 




7.500 


O.OOfW 




13.504.800 


600 




0.0008 





Teniile strengtii, 13.000 Ibi. per squue inch. 



With a load of 11,000 lbs. the piece broke unexpectedly in the upper 
damps, due to the fact that these clamps did not bind the piece as they 
should have done, but rather pinched it at its lower end. Then, too, 
the load was very suddenly applied. Upon re-testing, the piece broke 
with a load of 24,000 lbs., or 23,000 ibs. per sq. inch, A load of 6,500 
lbs. was left on for seventeen hours and a half without producing any 
additional elongation. The position of the fracture was just outside 
the upper clamps. 
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Test No. 2. 

UNPIANED COMMON IRON. 

Gauged length, I3".5938- 

Area of section, 1.0754 square inches. 



Loads Applied. 


Elongation, Inches. 
0.0000 


Sets, Inches. 


E. 


600 






1,000 


0.0004 




18,068,140 


1,500 


0.0007 




18,068,140 


2,000 


0.0011 




17,237,310 


2,600 


0.0016 




16,864,260 


3,000 


0.0020 




16,206,000 


3,500 


0.0026 




16,168,840 


4,000 


0.0030 




14,997,430 


4,500 


0.0034 




15,093^1 


6,000 


0.0030 




14,686,430 


600 




0.0000 




6,600 


0.0040 




13,739,900 


6,000 


0.0050 




13,904,800 


6,600 


0.0067 




13,306,000 


600 




0.0003 




7,000 


0.0003 




13,146,330 


7,600 


0.0069 




12,917,600 


600 




0.0006 




8,000 


0.0076 




12,640,700 


600 




0.0006 




8,600 


0.0082 




12,408,040 


600 




0.0006 




9,000 


0.0095 




• 


600 




0.0009 





Tensile strength, 23,000 lbs. per square inch. 
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Test No. 3. 

uhplaked common ikon. 

Gauged length, I3"^£S3. 

ATM. of KCtiOD, 1.0614 square inches. 



L»d. ApplW. 


Elongation. Inchei. | Sct>, Inchei. 


E. 


600 


0,0000 






1,000 


0.0004 




18,164,300 


1.500 


0.0008 




lli,ai)8,300 


2.000 


0.0012 




15,501,000 


2,600 


0.0017 




n,050,eoo 


3.000 


0.0022 




14,607.000 


3,500 


0.0020 




14,523,400 


4fl00 


0.0031 




14,347,800 


4,600 


0.0037 




13.026,600 


5.000 


0.0043 




13,016,800 


500 




0.0001 




6.500 


O.005O 




12,771,900 



At the end of the test a load of 9,000 lbs. was left upon the piece 
for seventy hours. 
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Test No. 4. 
same specimen re-te5ted. 



Load. Applied, 


Elongjlion, Incho. 


Sell, iDchci. 


E. 


600 


0.0000 






1,000 


0.0003 




10,650,800 


1,600 


0.0007 




18,164,300 


2,000 


0.0011 




17,732,140 


2,600 


0.0015 




17,528,300 


3,000 


0,0018 




18,721,100 


3,600 


0.0023 




16.675,700 


4,000 


0.0029 




16,606,350 


4,600 


0,0035 




14,734.000 


6,000 


0.0CMO 




14,386,460 


6,600 


0.0048 




13,237,630 


500 




0.0002 




6,000 


0.0062 




13,376,850 


0,500 


0.0068 




13.140,240 


500 




0,0002 




7,000 


0.00(12 




13,322.000 


7,600 


COOOtl 




13,478500 


600 




0,0001 




g,0O0 


0.0071 




13.414,000 


8.600 


0.0070 




13,370,000 


600 




0.0001 




e,ooo 


0,0081 




13,335.600 


e,soo 


0.0089 




13.299.100 


600 




0.0001 




10.000 


0,0093 




13,021,470 ■ 


!m 




0.0002 




10.600 


0.0100 




12,771.900 


500 




0.0003 





The load of 5,500 lbs. was left upon the piece for two hours. At 
the end of this lest a load of 12,000 lbs. was left upon the piece, this 
being above the limit of elasticity. 
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Test No. 5. 
same piece ke.tested a second time. 


149 ^H 


Lwd. Applied. . 


EloDiukn, IdcIh. 


£c«, TnchB. 


^^H 


600 


0.0000 




^^k 


1.000 


0.0001 




14,960.630 ^^^1 


1.600 


0.0009 




14,050,630 ^^H 


2.000 


0.0013 




14,950,830 ^^^1 


2.600 


0,0017 




14,734,000 ^^^1 


3.000 


0.0022 




14,600,900 ^^H 


8.600 


0.0027 




14,386,460 ^^^1 


*.000 


0.0032 




^^H 


4.600 


0.0037 




13.026,640 ^^^1 


6.000 


0,0042 




13,779,B0O ^^^k 


6.S00 


0,0047 




13,664,540 ^^1 


6.000 


0.0052 




13.671,700 ^^1 


6.600 


0.0057 




13.376.900 ^^H 


7.000 


0,0062 




13.322.000 ^^^1 


1.600 


0.0067 




^^H 


8,000 


0.0073 




13.146.330 ^^^1 


8,600 


0-0078 




12,092,536 ^^^1 


e.ooo 


0.0084 




12.859,320 ^^H 


B.600 


o.ooeo 




l2.70H,00O ^^H 


10,000 


0.0006 




12,708,000 ^^1 


10.600 


0.0101 




12,613,430 ^^H 


11.000 


0.0107 




^^^1 


600 




0.0003 


^^^1 


11.600 


0.0111 




12,693,640 ^^H 


lifioo 


0.0117 




12,490.800 ^^H 


12.600 


0.0121 




12.208,000 ^^H 


600 




0.0007 


^^H 


13,000 


0.0130 




12,206,430 ^^H 


600 




0.0009 


^1 


Tensile i^tTcngth, 20,ioo lbs. per sqiure inch. ^^^^^| 
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Test No. 6. 

UNPLANED GUN IRON. 

Gauged length, I3'^5625. 

Area of section, 1.0506 sqiiare inch. 



Loads Applied. 


^ongation, Inches. 


Sets, Inches. 


E. 


600 


0.0000 


• 




1,000 


0.0003 




21,606,680 


1,600 


0.0007 




18,441,860 


2,000 

• 


0.0011 




18,441,850 


2,600 


0.0016 




17,806,920 


3,000 


0.0019 




17,446.000 


8,600 


0.0023 




17,212,400 


4,000 


0.0027 




17,060,000 


4,600 


0.0031 




16,930,200 


6,000 


0.0036 




16,363,900 


600 




0.0001 




6,600 


. 0.0041 




15,937,400 


6,000 


0.0046 




16,435,000 


6,600 


0.0060 




15,491,150 


7,000 


0.0055 




16,266,440 


600 




0.0006 




7,600 


0.0060 




16,187,400 


600 




0.0006 




8,000 


0.0063 




15,368,480 


600 




0.0006 




8,600 


0.0068 




16,192,300 


0,000 


0.0074 




14,929,830 



Tensile strength, 1 7,990 lbs. per square inch. 



The piece broke first with a load of 18,900 lbs., exhibiting a bad flaw, 
and then, upon being re-tcsted broke at 28,450 lbs., or about 27,000 lbs. 
per square inch. 
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— 1 


^^^^^^^^^V Test 


1 


^^r Gauged length. i3"39o6- 


■ 


Aiea of section, 1^30 iqoore inch. 






I«d.Appl«L 


£!>s>g.dDa, Inch«. 


Sctl, IllchH. 


^^^1 


600 


0.0000 




^1 


1,000 


0.0003 




22.003,020 ^^H 


1,600 


0.0005 




23,004,300 ^^H 


2,000 


0.0008 




22,003.820 ^^1 


a,60o 


0.0012 




21,007,800 ^^H 


3,000 


0.0016 




20,316,700 ^^H 


S.&00 


0.0020 




10,360,000 j^^l 


*,000 


0.002-1 




^^H 


4,500 


0.0027 




18.602,200 ^^H 


5,000 


0.0031 




18,280,000 ^^1 


5,500 


0.0036 




18,126.160 ^^H 


e,ooo 


0.003B 




17,096.300 ' ^^H 


6,600 


0.0043 




17,660,000 ^H 


7.000 


0.0047 




17.421,370 ^H 


7.500 


0.0051 




17,206,&40 ^H 


8,000 


0.0055 




17.177,700 ^H 


600 




0.0000 


^^^1 


8,600 


0.0060 




17,080.670 ^^H 


9,000 


0,0004 




10,802,100 ^^1 


600 




0.0000 




0,500 


0.0068 




10,072.600 ^^1 


10.000 


0.0072 




10,621,370 ^^H 


600 




0.0002 


^^^1 


10.500 


0.0078 




16,264,180 ^^H 


11,000 


0.0082 




10,130,300 ^^H 


600 




0.0003 


^^^1 


11,600 


0.0097 




10.019,300 ^^1 


600 




0.0004 


^^^1 


ia.ooo 


0.0002 




^^H 


600 




0.0006 


^^^1 


13,600 


0.0008 




16.604,000 ^^1 


600 




0.0008 


^^^1 


IS.000 


0.0104 




15.213,700 ^^H 


500 




0-Ooon 


^^H 










A load of 13,250 lbs. remained upon this piece fo 


r seventeen hours, ^^H 


this load being just above the elastic limit. 


_J 




^^^^^^ 




^^^^^^^^^^^1 
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Test No. 8. 

FE SPECIMEN RE-TES1 



L«d* Applied. 




S«,I«i-. 


E. 


600 


0,0000 






1.000 


0.0003 




20,005,000 


1.500 


O.0OOU 




20.905,000 


2,000 


O.iHWO 




20.42T,5.'-.O 


2,500 


0.0013 




iB.Teo.ooo 


3.1100 


o.oou 




19.070,300 


3.600 


0.0021 




IB.212.600 


4,000 


0.0025 




17.11(15.700 


4,600 


0.0028 




17.830,440 


5.000 


0,0032 




17.714.500 


6,600 


0.00.10 




17,405,820 


8,1100 


0.0040 




17.42!).80a 


((.fiOO 


0,0044 




17,275,870 


7.000 


0.0048 




17.147.760 


7.r.00 


O.O0.J2 




18,870,360 


8,000 


0.0050 




10,790,000 


500 




0.0000 




S.-'WO 


0.0061 




10.588,250 


11,000 


0.(«flS 




18,630,580 


11,600 


0.0000 




10.490,000 


10,000 


0,0073 




10,4411,700 


f>00 




0.0002 




10,500 


0,0077 




10.300.800 


ll.fHKI 


0,0081 




10,279,200 


r™ 




0,0002 




11,500 


O.O0B5 




18,254,180 


12.(N)0 


0.0089 




16,231,410 


12,M10 


0,0003 




16,210,000 


13,->00 


0.0008 




16,108,680 


ilOO 




0.0002 




13,600 


0,0102 




16.004,430 


14,000 


0.0103 




15,782,750 


14.500 


0.0112 




16,711,200 , 


WO 




0,0003 




15.000 


0.0118 




15.446,600 


r.iw 




0.0005 




10,000 


0,Oi:iO 







A load of i6jOOO lbs. was left upon the piece for 22 hours. 
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153 ^H 


^^^^^^^V Test 


H 


SAKE SPECIMEN RE-TESTED A SECOND TIME. 


^1 


Lo«l. Applied. 




S«>,lnch«. 


^^H 


600 


0.0000 




^H 


1,000 


0.0003 


^ 


10.380,000 ^^H 


1.600 


0.0000 




20,150,200 ^^^1 


2,000 


0.0000 




20,427,660 ^^H 


2,G00 


0.0012 




20,006,000 ^^^1 


3.000 


0.0010 




20.317.700 ^^^1 


3,600 


0.0019 




19.051.700 ^^H 


4.000 


0.C023 




10,109.300 ^^H 


4.600 


0.0028 




18,323,000 ^^^1 


5,000 


0.0032 




17.006,700 ^^H 


6,500 


0.0036 




17.868.100 ^^H 


8.000 


0.0030 




17.096,700 ^^^1 


6,600 


0,0043 




17,784,000 ^^^1 


7,000 


0.0O47 




17.703,800 ^^H 


7,500 


0.O050 




17.546,000 ^^H 


B.O00 


0.0054 




17,406.820 ^^^1 


B.500 


0.006B 




17.450.400 ^^H 


!),000 


0.0063 




17.420,460 ^^H 


8,500 


0.0006 




17,376,100 ^^H 


10,000 


0.0071 




^^^1 


10,500 


■ 0.0075 




10.700,000 ^^H 


11,000 


0.0080 




1(1,037,630 ^^H 


11,500 


0.0084 




lfl,5J6.300 ^^H 


600 




0.0000 


10,416.340 ^^H 


12,000 


0.0088 




^^^H 


12,600 


0.0003 




10,342,043 ^^^1 


13,000 


0.0007 




10,233,240 ^^H 


^^^^ 13,600 


0.0102 




10,134,100 ^^^1 


^^^^L 14,000 


0.0100 




10,043.300 ^^H 


^^^^1 




0.0002 


^^^H 


^^^H 


0.0111 




15.000.000 ^^H 


^^^^B 16.000 


0.0115 




16,883,000 ^^H 


^^^^1 15,600 


0.0120 




16.770,100 ^^H 


^^^H 


0.0126 




15,020,300 ' ^H 


^^^^T 




0.0001 


^^^H 


■ 16,600 


0.0130 




16.504,000 ^^H 


m 600 




0,0001 


^H 


H^ I'cnsile strength, 35»t94 lbs, per sijuaFC inch. 


H 


H This piece broke first with a load of 27, 100 lbs., t-xhi 


biting a flaw ; upon ^^H 


H being re-tested it broke with 30,450 lbs., or 28,750 lbs 


per square inch. ^^H 



Gaetano Lanza. 



[Dec. 



Ganged length, I3".4S44. 
Am of section, 1,0630 squa 



IW. Applied. 


El«,p.™, l™:h«. 


S«.. Inchu. 


^ 


600 


0.0000 






1.000 


0.0003 




21,168,200 


1,500 


o.oooe 




22,088.600 


2.000 


0.0009 




21.773,000 


fi,G0O 


0.0012 




21.818,630 


3,000 


0-0015 




20,821,220 


3,600 


0.0019 




20,064,100 


4,000 


0.0023 




19.757,020 


4,600 


0.0037 




18,810,200 


5,000 


0.0O31 




18,688,800 


6,000 


0.0036 




18,184,200 


e,ooo 


0.0040 




17.6W.000 


8,500 


O.OOM 




17,518,646 


7,000 


0,0048 




17,380.200 


7,600 


0.0052 




17.180,000 


60l> 




0.0001 




8,000 


0.0057 




16.860,700 


8,600 


0.0061 




10,667.000 


600 




0,0002 





Tenule strength, 31,657 lbs. per square inch. 



The piece brokcfirst at 23,000 lbs., exhibiting a flaw, and on being 
re-tested, it broke at 30,550 lbs., or 28,775 lbs. per square inch. . 



Tests of tite Strength of Cast Iron. 



Test No. ii. 

flanbd common iron. 

Gftuged length, 13" .5274- 

Aiea of lection, 0.9937 x]us^ inch- 



Load* Applird. 


Elongation. Inchei. 


Sfl>. Inche.. 


E. 


500 


0.0000 






1,000 


0.0004 




19.447.200 


1,600 


0,0009 




16,015,4-10 


600 




0.0000 




2,000 


0.0014 




14.329.500 


2.G0O 


0.0021 




12,964,800 


S,000 


0.0028 




12.!54,500 


600 




0.0002 




3.500 


0,0032 




12,762,200 


<,00Q 


0,0040 




12,002,200 


500* 




0.0004 




4.600 


0,0044 




13.440.200 


500 




0.0015 




6.000 


0,0048 




12.601,760 


£00 




0.0015 




6.600 


0.0066 




12,154,500 


600 




O.OOIS 




6.000 


O.OOfiJ 




11.608,700 


600 




0.0018 




S.500 


0.0008 




12,100,000 


fiOO 




0.0019 





A load of 10,000 lbs. was left upon this piece over 
* Tightened the clamps. 



night. 
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Gaetano Lanza. 



Pkc. 



Test No. 12. 



SAME SPBaMEN RE-TESTED. 



Loads Applied. 


Elongation, Inches. 


Sets, Indies. 


£. 


600 


0.0000 






1,000 


0.0004 




18,160,700 


1,600 


0.0010 




14,329,600 


2,000 


0.0016 




13,173,900 


2,600 


0.0021 




12,812,300 


600 




-0.0001 




8,000 


0.0029 




11,941,260 


8,600 


0.0034 




12,030,200 


4,000 


o.oaso 




15,216,800 


600 




0.0000 




4,600 


0.0046 




12,236,430 


600 




0.0000 




6,000 


0.0061 • 




12,070,700 


600 




0.0001 




6,600 


0.0069 




11,636,100 


600 




0.0001 




6,000 


0.0064 




11,790,600 


600 




0.0001 




6,600 


0.0071 




11,686,600 


600 




0.0001 




7,000 


0.0078 




11,344,200 


600 




0.0001 




7,600 


0.0086 




11,243,800 


600 




0.0001 




8,000 


0.0093 




11,037,600 


600 




0.0001 




8,600 


0.0098 




11,169,680 


600 




0.0001 




9,000 


0.0106 




10,890,430 


600 




0.0003 




9,500 


0.0112 




10,939,000 


600 




0.0003 




10,000 


0.0121 




10,732,260 


600 




0.0004 




10,600 


0.0129 




10,693,800 


600 




0.0006 


. 


11,000 


0.0139 




10,320,360 


600 




0.0006 • 




11,600 


0.0148 




10,100,730 


600 




0.0009 




12,000 


0.0167 




9,971,330 


600 




0.0013 





A load of 14,000 lbs. was left upon this piece over night. 



1 ISSSJ 


Tests of the Strength of Cast Iron 
Test No, 13. 


n 




LBd.Appli«L 


Ztonpri-T, l«;h«. 


S«,..„c.„. 


^ ^1 


600 


0.0000 






1.000 


0.00O6 




13,013,040 ^^^1 


1.500 


0.0011 




12,064,800 ^^H 


2,111)0 


0.0017 




12,376,500 ^^H 


' 2.5O0 


0.0024 




11,585.540 ^^^1 


3.000 


0.0020 




11,035,100 ^^H 


8,000 


0.0035 




n.5U6.540 ^^H 


4,000 


0.0042 




11,480,900 ,^^H 


4.000 


0.0048 




n, 4(1.1,600 ^^H 


6.000 


0.0064 




11.344,200 ^^H 


U.SO0 


O.OOfil 




11.250.440 ^^H 


6.000 


0.0067 




^^H 


e.600 


0,0075 




10,900.460 ^^H 


7.000 


0.0082 




10,700.810 ^^H 


7,500 


O.OOBl 




10,529,420 ^^H 


(J,000 


0.0097 




10,406,500 ^^H 


600 




0.0001 


^^^H 


6.500 


O.OIOS 




10.421,500 ^^H 


0.000 


0.0112 




10.377,»60 ^^M 


0,600 


0.0119 




10.2T4.000 ^^^1 


10,000 


0.0128 




)U,]5I,0OO ^^^1 


600 




0.0002 


^^^H 


10,600 


0.0136 




10,121.200 ^^H 


11,000 


0.0143 




10,030.600 ^^H 


500 




0.0002 


^^^H 


11,500 


0.0161 




0,936,500 ^^H 


12,000 


0,0160 




0,7»g,680 ^^^1 


500 




0.0003 


^H 


13,500 


0.0170 




0,037,560 ^^^H 


500 




O.OOM 


^^^H 


13,000 


0,0178 




0,586,642 ^^^1 


500 




0,0004 


^^^H 


13,500 


0,0186 




0.501,840 ^^H 


600 




0,0005 


^^^H 


u,ooo 


0,0192 




^^^1 


600 




O.0O06 


^^^H 


14,600 


0.0200 




^^H 


500 




0.0010 


^H 


Teniile (tcengtb, 20,Soo lbs. per iquare inch. ^^H 
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Gaetano Lanza. 



[Dec. 



Test No. 14. 

PLANED COMMON IRON. 

Gauged length, 13 '461. 

Area of section, 0.9852 square inch. 






Loads Applied. 


Ellong7.Uon, Inches. 


Sets, Inches. 


E. 


600 


0.0000 






1,000 


0.0004 




19,518,890 


1,500 


0.0008 




18,217,600 


2,000 


0.0012 




17,071,150 


2,500 


0.0018 




15,615,100 


3,000 


0.0024 




14,232,000 


3,500 


0.0030 




13,663,200 


500 




0.0000 




4,000 


0.0037 




12,837,900 


4,500 


0.0043 




12,710,000 


500 




0.0002 




5,000 


0.0048 




12,742,900 


500 




0.0002 




5,500 


0.0054 




12,769,360 


500 

• 




0.0004 




6,000 


0.0060 




12,629,900 


500 


• 


0.0009 




6,500 


0.0068 




12,145,100 


500 




0.0010 




7,000 


0.0075 




11,802,000 


500 




0.0011 




. 7,500 


0.0083 




11,628,300 


500 




0.0013 




8,000 


0.0089 




11,481,700 


500 




0.0014 




8,600 


0.0096 




11,386,000 


600 




0.0018 




9,000 


0.0102 




11,430,200 


600 




0.0019 




9,500 


0.0115 




11,028,600 


500 




0.0021 




10,000 


0.0122 




10,661,250 


500 




0.0923 
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Tdsts of Ike Strength of Cast Iron 

Test No, 15. 
same specimen re-testrt). 


^^^ 






El«.g«i«. Incbo. 


Seu, iDcba. 


' ^H 


600 


O.OOW 






1,000 


0,0004 




^^^^^^H 


1,600 


0.0008 




^^^^^^1 


2,000 


0,0013 




^^^^^H 


2,500 


0.0018 




14.073,400 ^^H 


3,000 


0.0024 




14,085,465 . ^^H 


3,600 


0-00.11 




13,439,240 ^^H 


4,000 


0.0036 




13,101.260 ^^^k 


4.500 


0.0042 




12,036,600 ^^H 


6,000 
600 


0.0048 




12,800.270 ^^^1 




-0.0001 


^^^1 


6,rm 


0.0n.J5 




12,421,100 ^^^1 


6,000 


0.0001 




12,319.300 ^^H 


500 




-0.0001 




6,500 


0.0067 




12,1110.230 


7.000 


0,0074 




12.083.110 


7,500 


0.0081 




11,805,200 


8,000 


0.0088 




11.000.850 


600 




-0.0001 




8,600 


0.0096 




11.360,700 


ifiOO 


0.0103 




11.248,170 


»,600 


0,0110 




11,153,450 


600 




0.0000 




10,000 


0.0119 




' 10,030.610 


600 




0,0001 




10.600 


0.0120 




10.012,200 


GOO 




0.0003 




11.000 


0.0139 




10,321,150 


600 




0.0006 




11,600 


0.0148 




10,138,000 


600 




0.0007 




12.000 


0,0162 




9.714,100 


^^ 


^^^^^^^^B 




^^^^^H 





Gtutano Lansa. 



[Dec. 



Test No. i6. 
saue specimens ke-tested a second time. 



Lo>d.Ap(.litd, 


EIongtliDD. iDCho. 


Sco, Inche., 


-^ 


600 


0.0000 






1,000 


0,0005 




13.003,220 


1.500 


0.0012 




11,881,000 


2,000 


0.0017 




12.421,100 


2,500 


0.0023 




12,145,100 


8,000 


0.0028 




12,101,340 


3,500 


0.0035 




11,881,000 


4,000 


0,0043 




11,262,000 


4,600 


0,0050 




10,030,600 


6,000 


0,0050 




10,079.370 


600 




O.O0O2 




6.500 


0,0063 




10,030,600 


6,000 


0.0070 




10,812,620 


0,600 


0.0077 




10.648,700 


7,000 


0.0034 




10,672,730 


600 




0,0001 




7,500 


0.0000 




10,628,950 


. 8,000 


00007 




10,664,340 


8,600 


0,010* 




10,610.100 


9,000 


0,0111 




10,480,400 


600 




0,0002 




0,500 


0.0118 




10,406,440 


10,000 


0.0126 




10,426,760 


10,600 


0,0132 




10,331.350 


11,000 


OOIJO 




10,247,410 


600 




0,0002 




11,600 


0.0140 




10,080,900 


12,000 


0.0168 




9,076,310 


600 




0,0003 




12,500 


0.0104 




10,012,736 


600 




0.0002 




13,000 


0.0174 




9,843,800 


500" 




0,0002 




13,500 


0.0182 




B,759.«0 


500 




0,0002 




14,000 


0,0101 




9.682,500 


500 




0,0006 




U,600 


0,0202 




9,430,500 


600 




0,0(J10 





Tensile strength, 30,300 lbs, pec square inch. 



^^^^^^^^^^^^ 


VI^B^H 


Mm^H 


B isss.j 


Tests of the Strmgth of Cast Iron 

Test No. 17. 

planbd conhon irow. 

Gtnged length, I3",58a. 

Area of section. 0.996 square inches. 


161 ^H 


L»<1. Applied. 


Elongali«n. Inche., 


Sew. incbc 


^^^^^^^H 


500 


0.0000 




^^^H 


1.000 


0.0005 




^^H 


1,500 


O.OOOB 




lS,Od4.000 ^^H 


2,000 


0.0014 




14,610.600 ^^H 


^ 2,600 


0.0010 




14,354,260 ^^1 


3,000 


0.0026 




13,636,660 ^^1 


8^00 


0.0032 




12,087,200 f^^l 


ijm 


0.0037 




12,800,440 ^^H 


600 




0.0000 


^^H 


4,600 


0.0044 




^^H 


6.000 


0.0051 




11,073,650 ^^1 


6.600 


, 0,005B 




11,606.570 ^H 


6,000 


0.0060 




11^3,800 ^^H 


600 




0.0006 


^^H 


6.500 


0.0071 




I1,CO0,67O ^^H 


7,000 


0.0078 




11,437.100 ^^1 


500 




0.0008 


^^H 


7.600 


0.0084 




11,420,200 ^^H 


COO 




0,0011 


^^H 


8.000 


0.0001 




11,238,000 ^^1 


600 




0.0014 


^^H 


8,500 


0.0102 




10.749.000 ^^1 


600 




0.0017 


^^^k 


0.000 


00109 




10,634,000 ^^1 


500 




0.0019 


^^^k 


9,500 


0.0116 




10,580,030 ^^1 


600 




0.0022 


^^1 


10.000 


0.0123 




10,676,300 ^^H 


. J 



1 62 



Gactafw Lanza, 



[Dec. 



Test No. i8. 



THE SAME RE-TESTED. 



Loads Applied. 


Elongation, Inches. 


Sets, Inches. 


E. 


600 


0.0000 




* 


1,000 


0.0005 




15,151,720 


1,500 


0.0009 




16,161,720 


2,000 


0.0014 




15,151,720 


2,500 


0.0019 




14.742^15 


3,000 


0.0024 




14,204,740 


3,500 


0.0030 




13,807,700 


4,000 


0.0030 




13,444,480 


4,500 


0.0042 




13,143,000 


5,000 


0.0049 




12,523,300 


500 




-0.0002 




5,600 


0.0050 




12,286,200 


0,000 


0.0003 




12,000,170 


500 




-0.0002 




6,500 


0.0070 




11,088,500 


7,000 


0.0077 




11,580,600 


500 




-0.0002 




7.500 


0.0084 




11,431,840 


8,000 


0.0092 




11,177,500 


600 




-0.0003 




8.500 


0.0099 




1 1,019,430 


500 




-0.0002 




IJ.OOO 


0.010(i 




10,935,000 


600 




-0.0002 




9,500 


0.0114 




10,813,120 


600 


« 


-0.0001 




10,000 


0.0121 




10,706,130 


500 




0.0001 




10,500 


0.0129 




10,611,800 


600 




0.0002 




11,000 


0.0139 




10,301,000 


500 




0.0005 




11.500 


0.0160 




10,000,000 


500 




0.0009 


f 


12,000 


0.0102 




9,710,230 
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Tests of the Strength of Cast Iron 
Test No. ig. 


r63 ^1 




ElongBtion. Iiniliti. 


S™,lKha. 


^^1 


600 


0.0000 




^H 


1,000 


O.OOOfl 




13,306.000 ]^^| 


1,600 


0,0011 




12,087,^00 ^^H 


2.000 


o.nniT 




12.306.000 ^^H 


2,500 


0-(l02.^ 




^^1 


3,000 


0.0020 




11,755.600 ^^H 


8,600 


0.0035 




11,(188.600 ^^H 


4,000 


0.0041 




11,040.000 ^^H 


4,600 


O.OOIM 




|],4»3.400 ^^H 


5,000 


coor.* 




n.303.B0O ^^H 


6,500 


O.OOIll 




11,288,620 ^^H 


6,000 


0.00(18 




11, 020.600 ^^1 


6,600 


O.OOTH 




^^H 


7.000 


0.008:( 




10,070,200 ^^H 


7.600 


0,00111 




10,587.1100 ^^H 


8,000 


O.O0P8 




10,124,120 ^^H 


600 




0,0000 


^^^1 


8.500 


0,0105 




10.437,060 ^H 


0,000 


0,0114 




10.212,400 ^^H 


500 




0,0000 


^^^1 


D,600 


0.0121 




10.108.700 ^^^k 


10.000 


0.0129 




lO.Ul 2.400 ^^^k 


500 




0,0001 




10,500 


0.0138 




li,S)17,490 ^^1 


500 




0.0001 


^^^1 


11,000 


0.0140 




0.840,810 ^^H 


500 




0.0001 


^^H 


11,500 


0.0163 




0.830,200 ' ^^1 


600 




0,0002 


^^H 


i2,niio 


0.0100 




0,832,000 ^^1 


600 




0.0001 


^^^1 


12,500 


0.0171 




^^H 


600 




0.0001 


^^^1 


13,000 


0.0178 




^^H 


600 




0,0003 


^^^1 


13,600 


0-0180 




0.370.040 ^^H 


600 




0.OO04 


^^^1 


14,000 


0,010s 




0.270,060 ^^H 


Teniilc stcenglb, 30,450 lbs. pet squire inch. ^^^| 



■«4 



Gtutano Lanta. 



Pec. 



Gauged length, 13". 2774. 

Area of lection, i xx>i8 squaie inch. 



LoadiApplHiJ. 




Sen, loclm. 


E. 


600 


0.0000 






1.000 


0.0004 




18,879,100 


1.600 


0.0007 




18.870,100 


2,000 


0.0011 




18,066,000 


2,600 


0.0015 




17,903,000 


3,000 


0.001B 




17.196,100 


3,60lt 


0.0024 




16,724.800 


4,000 


0.0028 




16,403,960 


4,6IN) 


0.0033 




16.171,410 


5,0iH) 


0.0038 




16.888.400 


50VI 




0.0002 




6,f>00 


0,0041 




16.048,000 


8,000 


0.0046 




16,004,800 


emu 


0.0050 




15.888,400 


7.000 


0.00.56 




16.791.200 


60(1 




0.0002 




7,500 


0.0058 




15,M2,560 


m> 




0.0003 




8,000 


0.0008 




15.160.680 


8,600 


0.0070 




16.240.680 


600 




0.0007 




«,00l. 


0.0073 




16.623.100 


9,600 


0.0077 




16.676.800 


600 




O.OOOB 




10,000 


O.OOBl 




16,629,800 


600 




0.0000 




10.60U 


0.0086 




15.396,800 


500 




0.0009 




11.000 


0.0001 




16,277.300 


600 




0,0010 




11,600 


O.O007 




15.092.600 


500 




011)11 




18,000 


0.0102 




15.076,600 


600 




0.(1014 





' TeniUe ittength, 29,500 lbs. per square inch. 
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Test No. 21. 



SAME SPECIMEN RE-TESTED. 



Loads Applied. 


Elongation, Inches. 


Sets, Inches. 


E. 


500 


0.0000 






1,000 


0.0004 




17,653,780 


1,600 


0.0008 




17,653,780 


2,000 


0.0012 




17,270,000 


2.500 


0.0016 




17,084,320 


3.000 


0.0020 




16,974,800 


3,500 


0.0024 




16,550,400 


4,000 


0.0020 




16,260,000 


4,500 


0.0033 




16,295,800 


5,000 


0.0037 




16,323,700 


6,500 


0.0041 




16,146,740 


500 




0.0000 




6,000 


0.0046 




16,004,800 


6,500 


0.0050 




15,888,400 


7,000 


0.0055 




15,792,600 


7,500 


0.0059 




16,708,860 


500 




0.0001 




8,000 


0.0064 




15,576,850 


8,500 


0.0069 




15,463,150 


9,000 


0.0073 




15,469,800 


500 




0.0001 




0,500 


0.0078 




15,277.660 


10,000 


0.0083 




15,246,440 


10,500 


0.0087 




15,218,770 


500 




0.0002 




11,000 


0.0092 




15,111,200 


11,500 


0.0097 




15,014,800 


500 




0.0002 




12,000 


0.0102 




14,927,800 


12,500 


0.0107 




14,849,000 


500 




0.0004 




13,000 


0.0113 




14,711,480 


13,500 


0.0117 




14,711,480 


600 




0.0004 




14,000 


0.0122 




14,711.480 


14,600 


0.0128 




14,481,600 


500 




0.0006 





i66 



Gaetano Lanza, 



[D» 



Test No. 22. 



SAME SPECIMEN RE-TESTED A SECOND TIMB. 



Loads Applied. 


Elongation, Inches. 


Seu, Indies. 


E. 


600 


0.0000 






1,000 


00004 




17,663,900 


1,500 


0.0008 




17,663,900 


2,000 


0.0011 




17,663,900 


2,600 


0.0016 




17,084,300 


8,000 


0.0020 




16,760,900 


8,600 


0.0024 




16,650,410 


4,000 


0.0028 




16,404,000 


4,600 


o.oa33 




16,296,800 


6,000 


0.0037 




15,996,000 


6,600 


0.0042 




15,856,700 


6,000 


0.0046 




15,827,200 


6,600 


0.0051 




15,663,600 


7,000 


0.0066 




15,606,700 


600 




0.0006 




7,600 


0.0061 




16,319,400 


8,000 


0.0066 




16,395,700 


8,600 


0.0068 




15,676,890 


9,000 


0.0072 




16,740,300 


0,600 


0.0076 




15,788,170 


10,000 


0.0080 




15,722,900 


600 




0.0002 




10,600 


0.0088 




15,131,800 


11,000 


0.0093 




15.029,600 


11,500 


0.0098 




14,937,800 


12,000 


0.0103 




14,855,000 


500 




0.0001 




12,600 


0.0109 




14,644,000 


13,000 


0.0113 




14,646,720 


18,500 


0.0118 




14,686,800 


500 




0.0002 




14,000 


0.0123 




14,632,090 


14,500 


0.0128 




14,152,000 


500 




0.0002 




16,000 


0.0134 




14,327,220 


600 




0.0002 




15,600 


0.0140 




14,160,780 


500 




0.0003 




10,000 


0.0146 




14,066,600 


600 




0.0004 




16,500 


0.0162 




13,937,200 


500 




0.0006 




17,000 


0.0158 




13,870,800 


600 




0.0009 





Tensile strength, 29,5cx> lbs. per square inch. 
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Test No. 23. 

pianbd gun iron. 

Gauged leneth, i3".5oS. 

Ate& of icction, 0.9930 *qnue inchet. 



L«d. AppliBl, 




Stls, Inchti. 


E. 


600 


0.0000 






1.000 


O-OOM 




30.927,000 


1.500 


0,0007 




20.027.000 


2.000 


0.0010 




20,4M,850 


2.500 


0.0014 




10,780,500 


3.000 


0.0018 




19,433.200 


8,600 


0.0021 




18.201.660 


4,000 


0.0026 




18,860,000 


4.600 


0.002(1 




18,002,700 


£.000 


o.ooai 




1K,273,000 


600 




-0.0001 




6.600 


0.0030 




17.440.000 


B.000 


0.OO44 




17,l»e,5O0 


8,600 


0.0048 




17,004.000 


7,000 


0.0053 




10,084,000 


60O 




0.0000 




7.600 


0,0057 




18.032.800 


8.000 


0.0062 




18,466,660 


8,600 


0.0067 




10,242,060 


600 




0.0002 




9.000 


0.0071 




16,228,400 


0.500 


0.0077 




16,003,800 


600 




0,0005 




10,000 


0.0081 




16,053,500 


500 




0.0000 




10,600 


0.0087 




16,720.270 


600 




0,0008 




11,000 


0.0090 




16,870,430 


500 




0.0010 




11.500 


0.00!t5 




15,834,450 


600 




0.001;! 




12.000 


0.00(19 




16,881,1140 



i68 



Gaetano Lanza. 



[Dec. 



\ 


Test ] 

> 


No. 24. 






SAME SPECIMEN RE-TESTED. 




Loads Applied. 


Elongation, Inches. 
0.0000 


Sets, Inches. 


E. 


600 






1,000 


0.0004 




19,433.200 


1,500 


0.0007 




18,763,070 


2,000 


0.0011 




18,649,000 


2,500 


0.0016 




17,662,660 


600 




0.0001 


• 


8,000 


0.0020 




17,219,270 


8,600 


0.0024 




17,004,a30 


4,000 


0.0029 




16,705,700 


4,500 


0.00:53 




16,488,760 


6,000 


o.oass 




16,323,860 


6,500 


0.0042 




16,194,300 


6,000 


0.00^7 




16,089,900 


6,500 


0.0051 




16,003,800 


7,000 


0.0056 




15,931,740 


7,600 


0.0060 




15,870,430 


8,000 


0.00(56 




15,817.700 


600 




0.0001 




8,500 


0.0070 




15,858,400 


9,000 


0.(K)74 




15.025,3:30 


9,600 


0.0079 




15,596,053 


10,000 


0.0083 




15,569,950 


600 




0.0002 




10,500 


0.0088 




16.546.540 


11,000 


0.0002 




15,525,420 


11,600 


0.0097 




15,426,340 


600 




0.0004 




12,000 


0.0101 




15,627,250 


600 




0.0004 




12,500 


0.0106 




15,472,900 


600 




0.0006 




13,000 


0.0110 




16,459,200 


500 




0.0005 




13,500 


0.0116 


15,311,000 


500 




0.0006 




14,000 


0.0121 


15,240,1:^ 
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Test No. 25. 



SAME SPECIMEN RE-TESTED A SECOND TIME. 



Loads Applied. 


Elongation, Inches. 


Sets, Inches. 


£. 


600 


0.0000 






1,000 


0.0004 




18,137,700 


1,500 


0.0008 




18,137,700 


2.000 


0.0012 




17,743,340 


2,500 


0.0010 




17,662,660 


3,000 


0.0020 




17,440,030 


3,500 


0.0023 




17,740,340 


4,000 


0.0027 




17,633,800 


4.500 


0.0031 




17,562,660 


5,(K)0 


0.0035 




17,489,900 


6,500 


0.0040 




17,219.280 


0.000 


0.0044 




17,004,030 


G,500 


0.0040 




16,828,740 


7,000 


0.005:3 




16,082,200 


7,500 


0.0058 




16,566,660 


8,000 


0.00(J2 




16,466,600 


8,500 


0.0007 




16,364,800 


9.000 


0.0071 




16.286,560 


0,500 


0.0070 




16,216,260 


10,000 


0.0080 




16,163,800 


500 




0.0000 




10,500 


0.0086 




16.061,000 


11.000 


0.0089 




16,969,100 


11,500 


0.0094 




16,876,440 


12.000 


0.0099 




16,801,730 


600 




0.0000 




12,500 


0.0105 




15,620,900 


1:5,000 


0.0112 




15,250,260 


500 




0.0000 




13,500 


0.0118 




14,990,060 


14,000 


0.0123 




14,930,375 


600 




0.0000 


• 


14,500 


0.0128 




14,849,630 


600 




0.0001 




15,000 


0.0133 




14,886,650 


600 




0.0001 




15,500 


0.0138 




14,839,900 


500 




0.0002 




10,000 


0.0143 




14,790,500 


500 




0.0003 




10,500 


0.0149 




. 14,583.026 


500 




0.0006 




17,000 


0.0156 




14,388,000 



Tensile strength, 31,000 lbs. per square inch. 



Gaetano Lama. 



[Dk 



Test No. 26. 

planed gun iron. 

Ganged length, 13 '.5174. 

ATM of lectian, 0.99 (quare inch. 



L«d. Applied. 


Elonaalion, Incba. 


Seu. Inchei. 


' 


600 


0.0000 






1,000 


0.0003 




Bl.02l.a00 


I,!iOO 


0.0007 




21,021,600 


2,000 


0.0010 




21,021,600 


2,600 


0.0013 




20.626,000 


S,000 


0-0017 




20,094,200 


8,600 


0.0021 




19.520,060 


4,000 


0.0025 




19,120,700 


1.600 


0.0020 




IB,B47.000 


6.000 


0.0034 




18^13,320 


600 




-0.0001 




6,600 


o.oo.to 




17.631.020 


0,000 


0-0044 




17,276.400 


6.600 


0.0018 




17.080,000 


7,000 


O..X)i1 




in.017.400 


7,600 


1) l¥lu7 




10,780,400 


600 




0.0002 




8,000 


0.0002 




10,620,100 


8,600 


0.0007 




16.315,300 


600 




0.0004 




6,000 


0.0071 




ie,.W 1,000 


0,500 


0.0077 




16.076.320 


600 




0.0005 




10,000 


0.00B2 




15,827.400 


600 




0.0000 




10.fiOO 


0.0060 




16,888,420 


600 




O.OOOB 




11.000 


0,0003 




15,510,530 


600 




0.0000 




11,500 


0.0008 




16,415,860 


600 




0.0011 




12,000 


O.OIOI 




16,658,060 
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Test No. 27. 



SAME SPECIMEN RE-TESTED. 



Loads Applied. 


Elongation, Inches. 


Seu, Inches. 


£. 


600 


0.0000 






1,000 


0.0004 




19,620,060 


1,600 


0.0007 




19,620,060 


2,000 


0.0011 




19,066,100 


2,600 


0.0016 




18,846,960 


8,000 


0.0019 




18,218,720 


8,600 


0.0023 




17,882,670 


4,000 


0.0028 




17,390,600 


4,600 


0.0032 




17,361,170 


6,000 


0.0036 




17,320,600 


6,600 


0.0040 




17,186,710 


600 




0.0001 




6,000 


0.0044 




17,177,600 


6,600 


0.0049 




16,606,936 


7,000 


0.0064 




16,447,460 


7,600 


0.0059 




16,211,940 


8,000 


0.0064 




16,069,446 


600 




0.0002 




8,600 


0.0070 




16,728,400 


9,000 


0.0074 




16,695,200 


9,600 


0.0078 




16,766,200 


600 




0.0002 




10,000 


0.0083 




16,692,600 


10,600 


0.0088 




16,616,050 


11,000 


0.0098 




16,610,640 


600 




0.0002 




11,600 


0.0097 




16,466,476 


12,000 


0.0102 




15,367,860 


600 




0.0004 




12,600 


0.0106 




16,468,700 


600 




0.0004 




13,000 


0.0111 




16,387,440 


600 




0.0004 




18,600 


0.0116 




16,280,340 


600 




0.0004 




14,000 


0.0122 




16,182,270 


600 




0.0006 





Tensile strength, 31,000 lbs. per square inch. 
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Gaetano Lanza, 
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Test No. 28. 



SAME SPEaMEN RE-TESTED A SECOND TIME. 



Loads Applied. 


Elongation, Indm 


Seta, Inches. 


£. 


600 


0.0000 






1,000 


0.0004 




18.176,400 


1,500 


0.0008 




18,176.400 


2,000 


0.0012 




17,781,700 


2,600 


0.0016 




17,714,600 


8,000 


0.0020 




16,830,400 


8,600 


0.0026 




16,624,400 


4,000 


0.0029 




16,312,630 


4,600 


0.0034 




16,120,000 


6,000 


0.0038 




16,038,870 


6,600 


0.0043 




16,907,900 


6,000 


0.0047 




16,868.660 


6,600 


0.0062 




16,806,000 


7,000 


0.0066 




16,763,260 


7,600 


0.0061 




16,708,360 


8,000 


0.0066 




16,600,600 


8,600 


0.0070 




16,624,700 


9,000 


0.0076 




16,460,300 


9,600 


0.0080 




16,336,700 


10,000 


0.0086 




14,999,200 


600 




0.0002 




10,600 


0.0091 




14,980,900 


11,000 


0.0096 




15,067,620 


11,600 


0.0100 




16,071,200 


12,000 


0.0104 




16.074.630 


12,600 


0.0109 




16,008,380 


13,000 


0.0114 




16,013.900 


13,600 


0.0119 




14,956,600 


14,000 


0.0124 




14,914,100 


14,600 


0.0129 




14,862,760 


600 




0.0003 




16,000 


0.0134 




14,724,260 


16,600 


0.0140 




14.580,380 


16,000 


0.0146 




14,448,260 


600 




0.0003 




16,600 


0.0162 




14.346,820 


17,000 


0.0168 




14,269,160 


600 




0.0005 





Tensile strength, 31,000 lbs. per square inch. 
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From these tests Mr. Cochran obtains the following as average values 
for the specimens tested, viz. : — 

For leniiie itfcngth: — 

Unplaned commun 22,Oflfl 

Plmed common ;!l),520 

Unplaned gun 2l,7U 

Planed gun 30,Ji00 

Flit limit of el»siici:y : — 

Unplaned common 0,600 

Planed common 6.833 

Unplaned gun ' . ■ . 11,000 

Planed gun 8,000 

for modulus of eluticity at nssunied elastic limit : — 

Unplaned common 13.1»1,233 

Piane.1 common ll,W3,e53 

UnpUned gun 1U,t80,300 

Plaued gun , . . 16,1132,880 

Colonel Rosset of the Turin arsenal gave for gun iron, as average 
limit of elasticity, g,8oo, and as average modulus of elasticity, 16,263,300. 

Mr. Cochran attributes the apparent anomaly in the case of gun 
mTon, whose average tensile strength is less in the unplaned than in the 
X:ilaned, to the presence of surface flaws in the unplaned gun. 

Mr. Cochran draws from his tests the following conclusions, viz. : — 

1°. Planed pieces stretch more than unplaned. 

2'. The moduli of planed are higher than those of unplaned pieces. 

3?. Common iron stretches from J to j more than gun iron. 

4". The elastic limit for unplaned is higher than that for planed. 

5°, The effect of re-testing is to lower the modulus of elasticity, to 
*7aise the ela.stic limit, to make the stretch more nearly equal on the two 
sides, and probably to lower the tensile strength. 



Summary of the Experiments of Messrs. Burgess and Viele. 

The object of this investigation was to determine the transverse 
strength of cast iron in the form of window lintels, and also the deflec- 
tions under moderate loads, and from the latter to deduce the modulus 
of elasticity of the cast iron, and to compare it with the modulus of 
elasticity of the same iron, as determined from tensile experiments ; 
also the tensile strength and limit of elasticity of specimens taken from 
different parts of the lintel were determined. 



174 Gaetano Lanza, [Dec. 

The iron used was of two qualities, markea P and 5 respectively ; 
that marked P was composed or what was called at the foundry of 
L. M. Ham & Co., where the casting was done. No. i and No. 2 pig. 

No. I pig was prepared by mixinvj the f )r()\v!n j ores : — 

Neshannock from Pennsylvania 25.0 per cent 

Franklin from New York 87.5 p^ cent 

Crozen from Virginia 87.5 per cent 

No. 2 pig was made by mixing Franklin and Crozen in equal parts. 
The chemical composition of P is as follows : — 

Graphite 8.00 

Combined carbon 0.56 

Sulphur 0.53 

Silicon 1.34 

Phosphorus 1.18 

Manganese 0.33 

Iron by difference 08.11 

The iron marked 5 was made of old scrap. Its chemical composition 
was as follows : — 

Graphite 2.39 

Combined carbon 0.85 

Sulphur 0.07 

Silicon 1.49 

Phosphorus .... 1.12 

Manganese 0.40 

Iron by difference 93.68 

The specimens for tension were 24 inches long, and about one inch 
square in section. 

The transverse tests were made on window lintels of the following 
dimensions : — 

Inches. 

Length 54.00 

Breadth of flange 8.00 

Height of web at the centre of lintel above flange .... 4.00 

Height of web at edge of lintel above flange 2.50 

Thickness of web and flange 0.75 

The tensile specimens were cast at the same time, and from the 
same run as the lintels. 

Besides this, one of each kind of window lintels was cut up into 
tensile specimens, and the specimens were so marked as to show from 
what p:irt of the lintel they were cut. 
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The tables of tests will now be given, and the following explanation 
of the symbolism employed. 

P and 5 are used, as already stated, to denote the quality of the 
iron. 

A and B are used to denote respectively that the specimen was 
unplaned or planed. 

I, 2, 3, etc., denote the number of the test made on that particular 
kind and condition. 

I., II., III., denote that the piece has been taken from a lintel, and 
also from what part, as will easily be seen by the accompanying sketch 

(Fig- 31). 



HE 



II 




Kg. 81. 



Thus P, B, 3 would signify that the specimen was of quality P, had 
been planed, and was the third test of this class. 

On the other hand, P. -ff. 3 II. would signify in addition that it had 
been taken from a lintel, and was a piece of one of the strips marked II. 
in the sketch. 
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DesignatiiHi of 
Specimen. 


Area 
square inch. 


Breaking 
Weight. 


Breaking Weight 
per square inch. 


Remarks. 


P. B. 2. III. 


0.06 


10,170 


10,594 


{ Broke at a flaw at 10,170 
lbs., re-tested and broke 
( at a flaw at 1 2,240 lbs. 


P. B. 8. IV. 


1.2276 


24,080 


19,616 


Broke at a slight flaw. 


P. B. 9. 1. 


0.9513 


20,050 


21,076 




S. B. 5. II. 


0.8001 


18,890 


23,610 




P. B. 10. I. 


0.9333 


20,050 


21,483 




P. B. II. II. 


0.741 


16,410 


22,146 




S. B. 6. 1. 


0.8512 


24,790 


29,124 




P. B. 12. II. 


0.725 


14,900 


20,652 




S. B. 7. 1. 


0.8385 


23,590 


28,372 




S. B. 8. 1. 


0.8645 


21,980 


25,425 




P. B. 13. III. 


0.8624 


13.920 


16,141 




S. B. 9. III. 


1.1063 


30,560 


27,623 




S. B. 10. III. 


1.3276 


24,340 


18,301 





The following is a summary of the breaking weights of the speci- 
mens not Qut from the lintels. 



P. A. I 23.757 

P. A. 2 21,423 

P. A. 3 18,938 

P. A. 4 21.409 

4)85,527 

21,382 

P. B. I 21,756 

P. B. 3 25,207 

2)46,963 

23,482 



S. A. I 24,204 

S. A. 2 25,268 

S. A. 3 24,706 

3)74,168 

24,723 



S. B. I 
S. B. 2 



29,574 
23,201 



2)62.775 
26,388 



The conclusions which Messrs. Burgess and Viel6 draw from these 
tests are the following, viz. : — 

I**. The tensile strength of the iron marked 5 was higher than that 
of the iron marked P, 

2^ The elongations for a certain load were greater for equal areas 
with the grade P than with the grade S, 

3**. Hence 5 was a stronger, but, at the same time, a more brittle 
iron. 

4**. With the same grade of iron, the elongations were greater in 
planed than in unplaned specimens. 
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S°. The unplaned specimens in these tests had a less tensile strength 
per square inch than the planed. They attribute this fact to some 
slight irregularities in the castings, which were removed by planing. 

6°. In regard to the tensile specimens cut from the lintels, it will be 
seen that specimens marked I. and II. broke at higher loads than those 
marked IV., and that the weakest of all were those marked III. 

Tests of the Transverse Strength of Window Lintels. 

All the window lintels tested were of the form shown in the cut 
(Fig. 31), and all were supported at the ends and loaded in the middle, 
the span in every case being 52". From the cut it will be seen that the 
web varied in height, being 4 inches high above the flange in the centre, 
and decreasing to 2.5 inches at the ends over the supports. Inasmuch 
as the section, and hence the moment of inertia of the section, varied, it 
became necessary to deduce a special approximate formula suitable to 
determine the modulus of elasticity from the observed deflections. 

In order to deduce this special formula, the moments of inertia were 
first determined at the following five sections, viz. : — 



Distance of Section from 
Support, inches. 


Moment of Inertia of Section 
about Neutral Axis. 


26 


15.6625 


10} 


12.2072 


13 


9.3600 


6i 


6.9773 





5.0300 



These five values satisfy very nearly the equation : 

T 1-8725 • , 6.7875 , ^ _^ 

/= — V^^-* H *-f^ X + 5.03. 

338 26 

Hence this was used for / in the general deflection equation : 
and hence was deduced : E = 3^^' 95 — , 

V 

where IV= load applied, and v = resulting deflection. 
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A perusal of the results will show that the P'& which in tension bore 
the least were in every case the ones which in the form of lintels stood 
the most. On the whole, the tensile and the compressive moduli of 
rupture compare very well with the tensile and the compressive strength 
of the iron respectively. 

The results of the separate tests are given in the following 
tables : — 





S.,. Sp«,^-. 


s... Sp.n,s.'. 


P.I. Spa., ,,". 


S, ,. Sp.n, }='. 


LMJ. 


WeribioriiAKl, iijlbi. 


Wiighiariinut.iifilbi. 


Weight qfl»«l, 1.9 lb.. 


Wti^lo(lioKl,ll7lU. 


ApplW. 


DfllKt. 




DfHwt, 




Deflcci, 


DdlEirt, 






i«b«." 


K 


inchn. 


E. 


imha. 


E. 


inches. 


E. 


600 


0.0000 




0.0000 












1.500 






0.0H7 


21,058,707 










2.50O 


0^71 


23,786,209 


0.0288 


22,551,118 


0,0331 


10,407.170 


0.0201 


22,109,622 


3.B0O 






0.0441 


21,962,252 










4,600 


0.0557 


23,121,053 


0.0OO0 


21,522,288 


0.061)3 


18,607,930 


0.0598 


21,533,476 


6^00 






0.0759 


21,204,300 










6,600 


0.0853 


22.86B,40i 


0,0923 


20,970,660 


0.1084 


17.800,286 


0.0907 


21,206,211 


7.600 






0.10T2 


21,077.200 










8,600 


0.1056 


22,320,629 


0.1244 


20,773.681 


0.1484 


17,443,035 


0.1216 


21.177.579 


9.600 






0.1412 


20,693,107 










10,600 


0.1363 


22,034,361 


0.1587 


20,377.321 


0.1937 


16,795,722 


0,1557 


20,716.811 


11.600 






0.1700 


20,210.429 










12,500 


0,1681 


21,707,729 


0.1938 


20,030.631 


0.2400 


16,300,955 


o.iew 


20,398,430 


13.500 






0,2122 


19.840.139 










U.500 


0.2026 


21.290.212 


0.i331 


19,510,790 


0.2927 


16,724,039 


0.2270 


19,961,812 


15,600 


















16,500 














0.2059 


19.534.035 




Bteaking 


Breaking 


Brealiing 


Breaking 




load .... 26.750 


load .... 19.860 


load ... . 27.220 


load .... 28,670 




Tensile modulus 


Tensile mod dliia 


Tenale modulus 


Tensile modulus 




of rupture. 26,198 


ofrupluie. 19,133 


of rupture. 26.648 


of ruplure . 28,068 




Compr. modulus 


Compr. modulus 


Compr. modulus 


Compr. modulus 




oftupture. 80,Ift4 


o( rupture. 59.400 of rupture. 81.678 


of rupture. 85.024 
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S.4. 


Span, 53*. 


P. a. 


Span, 5a*. 


1 

P-3. 


Span, sa".' 


Loads 


Weight of lintel, xi8 Ibi. 


Weight of lintel, lao lbs. 


Weight of lintel, 1x9 lbs. 


Applied. 








i 








Deflect, 


£. 


Deflect, 


IT 


Deflect. 


E. 




inches. 


inches. 


£•• 


inches. 




600 


< 

0.0000 




0.0000 




0.0000 




1,500 






0.0149 


21,590,272 






2,500 


0.0287 


22,456,900 


0.0307 


20,976,369 


0.0347 


18,541,496 


8,500 






0.0477 


20,291,319 






4,500 


0.0588 


21,898,268 


0.0669 


19,637,378 


0.0724 


17,816,104 


6,500 






0.0846 


19,366,172 






6,500 


0.0899 


21,712,057 


0.1022 


19,167,036 


0.1160 


16,962,791 


7,500 






' 0.1204 


18,963,963 






8,500 


0.1210 


21,447,685 


0.1403 


18,610,608 


0.1672 


16,521,626 


9,500 






0.1601 


18,343,378 






10,500 


0.1544 


21.016,569 


0.1807 


18,070,663 


0.2024 


16.067,318 


11,500 






0.2016 


17,827,168 


• 




12,500 


0.1864 


20,844,894 


0.2251 


17,484.756 


0.2522 


16,640,616 


13,500 






0.2492 


17,166,671 






14,500 


0.2202 


20,602,968 


0.2730 


16,906,869 


0.3092 


14,932,924 


15,500 






0.2989 


16,606,260 






10,500 


0.2037 


19,870,418 


1 

i 




0.3766 


14,277,631 




Breaking 1 


oad . . 25,120 


Breaking 1 


oad . . 80,620 


Breaking I 


oad . . 27,200 




Tensile mo 


dulus 


Tensile mo 


dulus 


Tensile mo 


•dulus 




of ruptui 


re . . . 24,592 


of ruptui 


re . . . 29,879 

1 


of ruptui 


re . . . 26,669 


« 


Compr. mo 


1 
dulus 


Compr. mo 


dulus 


Compr. mo 


dulus 




of ruptui 


re . . . 75,286 


of ruptui 


re . . . 91,467 j 

1 


of ruptui 


re . . . 81.608 
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SUMMARV OP THE EXPERIMENTS OF MESSRS. EASTMAN AND GerRISH. 

The object of this thesis was to determine the cnnstants suitable to 
use in the formula; for determining the strength of the arms of cast- 
iron pulleys; and also, incidentally, to determine the holding power of 
keys and set screws. 

Some old pulleys which had been in use at the shops were employed 
for these tests. They were all about fifteen inches in diameter, and 
were bored for a shaft i^ inches in diameter. 




Inasmuch as this size of shaft would not bear the strain necessary 
to break the arms, the hubs were bored out to a diameter of i\\ inches 
diameter, and key-seated for a key one-half aq inch square. 

In order to strengthen the hubs sufficiently, two wrought-iron rings 
were shrunk on them, so as to make it a test of the arms and not of 
the hub. 

The machine used for applying the stress is shown in the cut (Fig. 32). 

The pulley under test is keyed to a shaft which, in its turn, is^keyed 
to a pair of castings supported by two wrought-iron / beams, resting 
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upon a pair of jackscrews, by means of which the strain is applied. A 
wire rope is wound around the rim of the pulley, and leaves it in a 
tangential direction vertically. This rope is connected with the weigh- 
ing lever of the machine, and weighs the load applied. 

The idea of the arrangement was to get a pull upon the rim of the 
pulley as nearly as possible like the belt pull, to which it is subjected in 
practice, and, at the same time, to have some means of weighing this 
pull. In practice there are two pulls upon the rim, that of the tight 
side, and that of the loose side of the belt, the sum of the two tending 
to produce a bending of the shaft and a compression of the rim and 
arms of the pulley, while the difference of the two causes a rotation of 
the pulley and a bending moment in all the arms. It will be seen in 
the arrangement used that while there is no tight side and loose side 
of a belt, yet there is a compression of both rim and arms, which must 
be very similar to that caused by a belt, and a bending moment in the 
arms such as occurs in practice. 

In a number of the experiments one arm gave way first, and then 
the unsupported part of the rim broke. 

The breaking load of the separate pulleys was, of course, determined, 
and then it was sought to compute from this the modulus of rupture of 
the cast iron, if so it can be called. 

The method commonly given for computing the strength of pulley 
arms is to consider them in one of two ways ; viz., either as beams fixed 
in direction at one end, and loaded at the other, or else to consider them 
as fixed in direction at both ends, thus making of each arm a pair of 
cantilevers, half as long as the arm, fixed at one end and loaded at the 
other. 

If we let 

/ = moment of inertia of section, 

n = number of arms, 

y = half depth of each arm = distance from neutral axis to out- 
side fibre, 

X = length of each arm in a radial direction, 

P^ breaking load determined by experiment ; 

then we should have, for the outside fibre stress at fracture. 
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if we adopt the first assumption ; or, 

2nl 



/=^^ (») 



if we adopt the second assumption. 

These formulae are both based upon the assumption of arms of uni- 
form section, either straight or else symmetrical with respect to hub 
and rim. 

Other formulae might be deduced which assume a variable section, 
but it would not seem to be worth while, in view of the fact that the 
bending moment is probably unequally divided among the arms. Hence 
the students confined themselves to computing the values of/ from each 
of the above formulae, thus obtaining average values of the constants to 
be used in these formulae for the purpose of determining approximately 
the strength of the pulleys. (See table of the results on previous page.) 

Conclusions from these Tests. 

1st. A low value of the modulus of rupture of cast iron should be 
used in the ordinary formulae for designing pulley arms, due to the fact 
that a load at the rim acts more upon some arms than upon others, as 
shown by the fact that, in four out of eight of the tests, one arm broke 
first, and this one always occupied the same position. 

2d. In every case but one, of these four, a greater load than the 
original was afterwards put upon the pulley, and no other arm broke, 
but the rim gave way by crushing. In this one case excepted, the arms 
afterwards stood a greater load proportional to their number before 
breaking. 

3d. In the tests on the single arms to be described next, the modu- 
lus of rupture rose as high as 55,ocx) lbs. in some cases, and in no case 
went below 35,000 lbs. 

Tests of the Separate Arms. 

In the cases of numbers 5, 7, 8, 9, and 10, some of the arms were 
not broken, the rims were now broken off, and the remaining arms were 
tested separately, the pull being exerted by a yoke hung over the end 
of the arm, the lower end being attached to the link of the machine. 

The arms were always placed so that the direction of the pull was 
tangent to the curve of the rim at the end of the arm. The actual out- 
side fibre stress at fracture was then determined by calculation from 
the experimental results, and is recorded in the following table : — 
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NufflbnofAnn. 


Dimciuignj of Sectiixi 


^^^7^i;:i'*'■' 


Agiud Outside Fibre 


Ayeragc Modulu. df 

K^pm.clor<u). 

Pulley. 


6-1 


lAXH 


againat 


46,39S 


45,306 


7-1 


11 XJ 


Bgainit 


86,802 




T-2 


Uixi 


igBin^E 


39,637 




7-3 


HJx i 


with 


46.407 


40,016 


B-1 


1HX+! 


againit 


36,503 




8-2 


iH X i3 


agaiiiit 


8«,00I 




B-3 


liixi! 


with 


3e,93» 




e-4 


liixH 


wilh 


42,409 


38,500 


9-1 


lAx J 


against 


41,800 




P-2 


V^xn 


against 


44,148 




e-3 


ii^x i 


with 


55,442 


47,163 


10-1 


li x« 


againat 


54,743 




10-3 


UixH 


againat 


60,843 




10-3 


HlxH 


ugaiuat 


88,806 




10-4 


ij X14 


with 


£5,229 


40,880 



In order to show how the results in the preceding table were de- 
duced from the experiments, the calculation will now be given in full 
for the first, or 5-1 (Fig. 33). 
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The force O W, which is equal to the load upon the arm, is resolved 
into two components, OB and BIV, Both these components act on 
the arm at the point (3, OB in the direction OB, and BW in the 
direction OA. 

The first, OB, acts as a pull at the end of a cantilever of length OC, 
and is calculated accordingly ; the second, B IV, acts as a pull in the 
direction OA, and produces stresses similar to those acting in a hook, 
where the distance from the line of pull to the centre of the most 
strained section is CM, 

The formula used for the cantilever is 

Jl r f 

where M equals the pull times the length of the arm, _;' equals half the 
depth, and / equals the moment of inertia of the section. 

The formula used to determine the greatest tension due to the force 

where P equals the pull, A equals the area of the section = ^^, n equals 
the distance CM, and y equals the half-depth. ^ 

The sum of /j and /j gives us the greatest fibre stress at fracture, or 
the modulus of rupture of the iron of the arm. The breaking load of 
this arm was 1645 lbs. Hence : 

OW^ 1645. 

OB = 6>jrcos23i°= 1508. 

^^= (9 «^ sin 23^^ = 655. 

. / - (15 08) (2 .25) (31) _ 26671 
•••^^-.(0.5312) (1.5625)*- '^^71. 

Also, /. = ^-^^^'Vt+ ^?^^ ^''w ^ ^f?- 'S725. 

^(0.5312) (1.562) ^7r(o.53i2)(i.562)« '^ 

Hence/i-h/, = 45396, as recorded in the table. 
The other values are similarly calculated. 

An inspection of the table will show that the modulus of rupture 
figures out higher when the bend of the arm is with the load than when 
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it is against it, and the value will be found to be very much highct 
the values of _/" derived for the pulleys with the rims on. 



Tests op the Holding Power of Set Screws, 

These tests were all made by using pulley No. 12, the pulley being 
fastened to the shaft by two set screws and the shaft keyed to the 
holders ; then the load required at the rim of the pulley to cause it to 
slip was determined, and this being multiplied by 



9H- 



= 6.037, 



gives the holding power of the set screws. 

The number 6.037 is obtained by adding to the radius of the pulley 
one-half the diameter of the wire rupe, and dividing the sum by twice 
the radius of the shaft, since there were two set screws in action at a 
time. The set screws used were of wrought iron, jf of an inch in 
diameter, and having ten threads to the inch ; the shaft used was of 
steel and rather hard, the set screws making but little impression upon 
it. The set screws were set up with a force of 75 lbs. at the end of a 
ten-inch monkey wrench. The set screws used were of four kinds, 
marked respectively A, B, C, and O. They may be described as 
follows ; — 

A, ends perfectly flat, ^" diameter. 

B, radius of rounded ends, about J inch. 

C, radius of rounded ends, about J inch. 

D, ends cup shaped and case hardened. 

The results are given in the following table : — 



No.<<TaI. 


'* 


B 


C 


!> 




1,412 


2.747 


1,002 


* 2,807 




2,203 


2,747 


2,364 


1,963 




2,131 


3,073 


8,079 


2.178 




2,143 


2,068 


2,968 


2,203 




2,204 


2,857 




2.868 




2,203 


8,048 




2.717 


Average 


2,064 


2,ill2 


2,573 


2,470 
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The following remarks should be made in regard to each kind of 
tests. 

A, The set screws were not entirely normal to the shaft ; hence they 
bore less in the earlier trials before they had become flattened by wear. 

B, The ends of these set screws, after the first two trials, were 
found to be flattened, the flattened area having a diameter of about 
\ of an inch. 

C The ends were found, after the first two trials, to be flattened 
as in B, 

D, The first test held well because the edges were sharp, then the 
holding power fell off till they had become flattened in a manner similar 
to -ff, when the holding power increased again. 



Keys. 

The experiments on keys were made with pulley No. ii, except 
those marked C, which were 4:ested with pulley No. 12. In all cases 
where the keys were not as wide as the keyway they were wedged in 
with hardened steel pieces, the hardened steel piece in the pulley hub 
being as long as the hub was wide. 

The load was applied as in the other tests, the shaft being firmly 
keyed to the holders. The load required at the rim of the pulley to 
shear the keys was determined, and this multiplied by a suitable con- 
stant, determined in a similar way to that used in the case of set screws, 
gives us the shearing strength per square inch of the keys. 

The keys tested were of eight kinds, denoted, respectively, by the 
letters A, B, C, A ^t F* Gy and H^ and tney may be described as 
follows : the first dimension being the length, the second the width, and 
the third the height. 

A^ were of Norway iron, 2" x V' X M" » constant = 18.5 184. 
B^ were of refined iron, 2'' x V' X M"5 constant =18.5184. 
C, were of cast or tool steel, i" x ^ X if" ; constant = 49.78. 
Dy were of machinery steel, 2" x V' X if" ; constant =18.5184. 
E, were of Norway iron, i^" x f" X ■^"; constant =18.5184. 
F^ were of cast iron, 2 "x V' X if" J constant =18.5184. 
Gy were of cast iron, ij" x f " X t^" ; constant =18.5184. 
//, were of cast iron, i" x i" X t^" ; constant =18.5184. 
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The shearing stresses per square inch, as determined from the experi- 
ments, are given in the following table : — 





A 


a 


c 


z. 


B 


F 


G 


« 


1 


41.202 


36.482 


lOO.OM 


70,186 


37,036 


34,166 


88,700 


»,9U 


2 


41.758 


37,334 


91,314 


66, no 


37,222 


36,944 


37,222 


S8,»78 


S 


40,1B4 


3».2&4 




64.030 


30,860 


30,278 






4 


47,760 


39,108 




60,674 




30,758 






Avenge 


42,720 


38,059 




06,875 


37,036 


33,034 







Remarks. 

A. Some crushing took place before shearing. 

B. Slight crushing took place before shearing. 

C. In the second test one of the wedges slipped and did not bear on 
the whole length of the key. 

E. Inasmuch as these keys were only ^" deep, they tipped slightly 
in the keyway. 

H. In the first test there was a defect in the keyway of the pulley. 
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A CRITICAL STUDY OF THE HEATING AND VENTILA^ 
TION OF THE NEW BUILDING OF THE MASSACHU- 
SETTS INSTITUTE OF TECHNOLOGY. 

By S. H. woodbridge, A.M. 

II. 

Results. 

These may be grouped under the heads of Ventilation, Heating, and 
Cost. 

Tentilation. — The average supply per occupant, as indicated by the 
measured quantity of air moved by the fan, approximates and often 
exceeds 8000 cu. ft. an hour. 

The distribution of air is, however, far from being an equal one. 
This is due in part to the lack of available flues, the actual flue areas 
in some important cases falling as seriously short of schedule require- 
ment as in other cases they exceed it. Again, some rooms have an 
excess of the schedule number of occupants, while others, as the chem- 
ical, and most of the physical laboratories, have less than their schedule 
quota. Furthermore, the necessities of changing work and the increas- 
ing number of attending students have resulted in changes in the uses 
and sizes of rooms for which corresponding alterations in flue appor- 
tionment could not be made. In a few cases the result is apparent in 
a thoroughness of ventilation seriously below the schedule standard. 

In general, however, the results, as indicated by a large number of 
air analyses from the most crowded rooms, have reasonably satisfied the 
estimates on which the schedule was based. The average of fourteen 
analyses of air from Room 22 — thus far the most crowded of all the 
lecture rooms — gives .000864 of carbonic acid for 160 occupants. In 
each test the air was taken from three or four points within the room, 
so giving a fair indication of the condition of air within it. In its 
present overcrowded condition — the attendance on the Second Year 
Physics lectures being 225 — the mean of four samples of air taken on 
a muggy and rainy day, when gaslight was required for illumination, 
gave .00133 of carbonic acid, and on a clear and cool day, when no gas 
was burned, .00102. The former agrees closely with the results indi- 
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cated by computation, and the latter is better than computed results by 
about one part in 10,000. Thus, the total hourly supply to the room 
being 185,000 cu. ft., and the occupants numbtring 225, the quota per 
occupant is 820 cu. ft. The carbonic acid elimination per occupant 
being 0.6 cu. ft. per hour, g^j, or .00073, '^ the resulting carbonic acid 
increment. That due to gas combustion was found to be .00017. The 
average of several measurements of carbonic acid in the aJr of the 
unoccupied room, with full air volume flowing through it, being .00043, 
makes a total of .00133. 

The difficulty of thoroughly ventilating such a crowded room by 
means of three supply and three discharge flues, unprovided with any 
special means for the diffusion of supply, and of avoiding the creation 
of local and sensible draughts, is well illustrated in this case. The 
room space, excluding furnishings, is not more than 24,000 cu. ft. 
The sittings are 225, and the space per capita but little over 100 cu. ft. 
The supply of 820 cu. ft. of air an hour requires a change of air every 
seven minutes, approximately, and to give the full schedule supply of 
1500 cu. ft. wouid necessitate a change every 3.8 minutes. In the 
absence of eff'cctivc means for the diffusion of supply, the occupants 
of the room are, perhaps, to he congratulated that it is not provided 
with the schedule flue area. 

From these relatively high quantities of carbonic acid found in the 
most crowded of all the rooms, the proportion of carbonic acid found 
in others ranges downward to a nearly normal for indoor air — of .0005 



The sensible and disagreeable effect of accumulated dust or vitiat- 
ing matter on air quality, receives a marked illustration in Rooms 20 
and 21. A numerous collection of old plaster and other models; an 
uncovered library ; extended cases with deep recesses for the reception 
of drawing-boards, etc., and practically inaccessible for the purposes 
of cleansing ; old clothing used by the students while at their work ; 
and the work itself, are doubtless among the sufficient cau.scs for 
the dusty and close odor peculiar to the rooms, and sometimes com- 
plained of as evidence of faulty ventilation. The worst sample of air 
thus far obtained from the room, though having nearly double the 
schedule number of occupants, giving but ,0007 parts of carbonic acid, 
points suggestively to the necessity of emphasizing scrupulous cleanli- 
ness as a prerequisite to satisfactory results by ventilation. 

A determination of the location of the stratum of most vitiated air 
has been attempted by a series of carbonic acid tests. The disturbing 
effects of rurrents aside, its location between ceiling and floor must be 
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determined by the relative specific gravities of the vitiated and the 
ambient air. If the supply is warmer than the average temperature of 
fhe room, its air must rise to the ceiling and float there, moving toward 
the outer walls as the air in that viciaity is coaled, falls, and moves 
across the floor to the outlet. 

The total general effect would then be to make the vitiation cumu- 
lative from the ceiling to the floor, and from the outer to the inner wall 
and point of discharge. The argument for downward ventilation when 
air is cooled in transit is, in part, based on the assumption that the loca- 
tion of greatest purity is coincident with that of highest temperature, 
and that of the greatest impurity with that of the lowest temperature. 
The greater the temperature differences, therefore, between- the ceiling 
and the floor, the greater the certainty of the stratification under con- 
sideration. The lower the temperature of the air supply, and the more 
crowded the floor with occupants, — a condition tending to heat the air li 
transit, — the less the probability of such stratification. 

The air tests in two typical rooms give the following results 



P.vRTs OF Carbonic Acid in 10,000. 



2 ft. from floor, 
6 fl. from floor, 
10 ft, fromnoor, 
14 fl. from floor. 



I 



By opening windows under conditions favoring an indraught of cool 
air, the stratum of greatest vitiation may be raised from the floor to a 
height proportionate to the depth of cool air so let in. In the early fall 
and the late spring, the air supply is not infrequently cooler than that 
of the room — and the effect becomes the same as with open windows, 
including that of annoying draught. 

The best means found for remedying downward cold currents from 
registers, has been a hopper-shaped boxing of fine wire gauze, so placed 
before the inlet as to deliver the air with an upward movement of some 
45° from the horizontal. By this means the air becomes sufl^ciently 
diffused, and, mingled with the warmer ceiling air of the room, is not 
felt as a continuous draught at any part of the floor. Air supplied by 
this method to Room 14, when filled by an audience, has been reduced 
I s" below the mean temperature of the room without causing observed 
annoyance. 

No method is provided for moistening the air supply. The i2,ooo._ 
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sq. ft. of concrete surface forming the sub-basement floor yields a large 
amount of moisture to the air in movement. This is indicated by its 
usual dry appL'arance when the air is moving over it, and its dampening 
when the ventilating currents are stopped for any length of time; and 
also by the fact that the relative humidity of the air supply has been 
found in cold weather to be between 25 and 35 against the 15 or 20 
which would have resulted from the increase of temperature without an 
addition of moisture. 

The desired plenum condition within the building is secured by the 
approximate equality of inlet and outlet area in flues, the velocity of 
flow through the supply flues being some 60 per cent higher than 
through those of discharge. The effect of a low outside temperature is, 
however, sufficient, because of increased rate of upward leakage through 
the building, to overcome this pressure in the basement and first, and 
sometimes in the second, stories, and to increase to an equal extent the 
outward pressure in the third and fourth stories. 

The behavior of the chemical laboratory hoods has proved satisfactory 
in all cases in which the construction corresponds with the description 
previously given. When the most poisonous or offensive gases are being 
generated, it is recommended that the hood sashes be drawn down to 
the stops fixed within two inches of the hood shelf. Large class sec- 
tions working together, in Room 41, on the experimental production of 
sulphuretted hydrogen and arsenious gases have found the hoods efficient 
enough to clear the room from all but moderate traces of the gases. 

The plan of ventilating the chemical floor with the air discharged 
from the four lower stories has been seriously considered, This plan 
would reduce the air required for the building to two-thirds the present 
supply, and it would nearly double the supply to the chemical floor. 
The quality of the air would be but slightly inferior, because of the 
large aggregate air quantity furnished those stories in proportion to the 
number of occupants using them. 

The objection urged against the sub-basement method of air distri- 
bution to flues, on the ground of loss by leakage through the basement 
floor, has not been realized. The flooring is very tight, but shrinkage 
has caused it to move away trom the walls enough to make caulking 
necessary. There is a loss of air to the flues by air movement through 
this variable crevice, and the many imperfectly filled cuts made through 
the floor for piers and other purposes; but the loss is small because 
of the low plenum pressure, which does not exceed \ inch water col- 
umn, and the leakage is not lost, as it passes by the usually open doors 
of the basement to the hall, and thence to the chemical story. 
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Heating. — The prediction, by some, of groat difficulty in heating so I 
Urge and so exposed a building by the indirect method, has not been , 
verified by experience. In general, the difficulty has been greatest in 
those parts of the building in which the rates of air change are least, 
and least where the rates of change are most rapid, Thus the tempera- 
ture of the basement, having a relatively small air supply, and being 
further subject to chill by the inward leakage of cold air, has, in extreme 
weather, been too low for other than laboratory work, unless warmed by ' 
a super-heated sub-basenicnt. Three or four rooms having an excep- j 
tionally small air supply and unfavorable exposure are furnished with | 
supplementary direct heating surface. 

The uniformity of temperature from floor to ceiling is greatest in 
those rooms in which the rate of air change is most rapid, and its tem- 
perature proportionately low, and least under the reverse conditions of j 
supply. 

Room 21 is 100' X 30' X 15', and has a western and corner exposure, 
and five windows equivalent to 100 sq. ft. each. An air volume equiva- 
lent to its cubic contents is passed through the room every twelve min- 
utes. On the morning of the second of two days of 10° above zero j 
weather, and with moderate westerly wind, the temperatures in various j 
parts of the room were found to be as follows : — 



South end of ri 
West will nW tc 



t 5 ft from floor, 71.6' 



I ceiling, 73.4°. 



The room was slightly overheated, especially in the middle part, duel 
to the abnormally high temperature (92°) of the air issuing from a regis- * 
ter in that vicinity. 

Room 16, on the first floor and east side of the building, is 80' > 
X 15', and has the air changed once every twenty minutes or so. It has 
some 500 sq. ft. of window surface, and the inward leakage through j 
them in cold weather is large. A scries of temperatures were observed I 
in it on the same day and under similar conditions with those taken in i 
Room 21, and with the following results : — 



6 ft. fium floor, v 



west side, U3.0° ; out tide, 61^ ; tontbeosC side, (i\3P. 
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To the east and southeast outlet ventilators the air comes in part off 
aeigliboring windows, which accounts for the exceptionally low leniper- 
atiire of the air passing through thi;m. 

These two rooms are cited as typical of the two classes of the fairly 
iEtp>icl and the fairly slow rate of ventilation. There remain those of 
lo-w^r rate, spoken of as requiring direct heating, and others of higher 
ra.t^, into which air enters but little exceeding, and sometimes below, 
the mean temperature of the room. 

T"he most serious difficulty thus far met in the use of the system has 
be^n found in maintaining the building's warmth without the use of the 
fan. Thus, when the building is closed for the night, the leakage out- 
w-a.i-c3 at the top and mward at the bottom results in a continuous upward 
flo-^w through the supply flues to the upper stories, and a reversed move- 
ni^nt through the flues which connect the lower rooms with the sub- 
b^Ls^ment. The air which leaks in through windows and walls of the 
A>^«re:r stories passes to the sub-basement through their supply flues, and 
t^ionce to the top stories of the building. The result of the derange- 
ment is that the lower stories are exposed, in severe weather, to an 
e^ccr^ssive chill, and the upper ones to overheating. The opening of all 
ilooirs, including those of the fan room, into the hallway partially 
rcili^ves the derangement by making it the distributor of warm air to 
tfc»^ rooms; but the movement of warm air to the upper rooms stHl 
rernains in excess, and the cold air movement from the lower rooms to 
tc*^ hall largely exceeds the reverse movement of warm air from hall 
to t tiese rooms. 

The maintenance of the building's warmth at night, and the warming 
't ill season for its earliest users and classes, remained for a time so 
•^ifificult as to be responsible for the query whether a mistake had not 
'*^^n made in not providing direct radiation for night and recess heating, 
***<i as auxiliary for purposes of quick and effective heating. 

Computation making it appear that economy in the use of heat 
**rc>ng!y favored a forced method of heating in the early morning, 
^^^ttjer than the alternative of moderate all-night heating, the engineer 
^*'a.s persuaded to try the method, and to heat by a rapid rotation of air 
"*'ough the building by means of the fan. To effect this, the air is 
'*-**'ccd through the supply flues to all the rooms, and returned to the 
'"^^t- of the fan through the hallways and Room 6. The result is most 
^^^isfactory in the early comfortableness and uniformity of room tem- 
P*^*"i3,ture over the entire building, in the less time required for heating, 
f**^ in the reduced cost. Formerly the steam was turned into the 
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3-ting system of the New Building some two hours earlier than into 
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that of the Rogers (which is heated by the indirect method), whereas 
the order of time is now reversed, as well as the satisfactoriness of results. 

This study and experience points to the desirability of so construct- 
ing an indirect system as to facilitate the quick heating of buildings by 
a sure and rapid rotation of air through the heating system, whether the 
air movement is effected by gravity or mechanical means. 

'I'he effect of a strong wind in cold weather is felt, as in all methods 
of heating, in chilling the most exposed windward rooms, but not in 
si*nsibly diminishing the rate of supply to the room. The effect of wind 
pressure may be to a considerable extent neutralized by such a disposi- 
tion of the dampers at the bottom of the supply flues as to force an 
(rxcess of the plenum air to the windward side of the building. Notwith- 
standing the fact that the general construction of the New Building, as 
compared to the Rogers, exposes it to a more rapid rate of cooling, yet 
so far as known the causes for complaints of cold rooms, due to inability 
to heat them, have of late been no more frequent from the former than 
from the latter. 

The present most serious defect in the entire heating system lies in 
the inability to properly control the sub-basement temperature. The 
large area over which the supplementary system is extended, and the 
open character of the boxing about the coils, together with the large 
and more or less exposed surface of the supply and return mains and 
connections, yield sufficient heat to raise the temperature of the air 
some 20** in its movement from the fan to the most remote parts of the 
sub-basement. As Room 40, with other rooms, requires a lower tem- 
perature of supply than 70°. it becomes necessary to keep the fan room 
temperature so low as to make the comfortable heating of the basement 
and near rooms at times difficult. The sufficient remedy would seem 
to be in the better covering of the distributing pipes, and the more 
complete boxing of the supplementary coils. 

The loss of heat in the movement of air through outside wall flues is 
marked in every case in which such flues arc used to supply air to the 
fourth story. In severely cold weather the air in such flues on the 
windward side of the building suffers a loss of 20°, and under ordinary 
conditions of working it may be put at from 10** to 15**. The flues are 
built of a single course of brick within an outer wall of 8", from which 
it is separated by a 2" air space. They are rough finished on the inside, 
and without metal lining, as are all the flues in the building. 

The Cost. — The cost of heating and ventilating the New Building, 
aside from that of construction already noted, is not easy of exact deter- 
mination. The boilers which furnish the steam have other and variable 
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duties. The steam supplied to the New Building is not all used for 
heating purposes, and about 50 per cent of that used for such heating 
up to this time has been exhaust from engines and pumps. 

The nearest approach to accuracy has been in measuring the water 
supplied to the boilers, and also that condensed in the heating system, 
by means of the registering apparatus and tested metres. By this 
means the proportion of the total steam generated in the boiler in ques- 
tion and used in heating the New Building, may be closely approxi- 
mated. Corrections may then be made for the loss of heat in work 
done by the steam in passing through the engine and pumps. The 
corrected proportion of steam gives at once that of coal, and therefore 
the cost. 

The records of the school year 1887-8 are the most complete of any 
entire year to date, and the season was the most severe of any since the 
building has been in use. From the corrected recoRls of that year it 
appears that 5 1 per cent, or 3 14 tons, of the coal burned under the high 
pressure boilers, must be credited to the heating and ventilation of the 
New Building. 

Cost of Ventilation, — It is desirable, if practicable, to separate the 
cost of ventilation from that of heating. This could be done if the 
results reached in the building could be compared with those of another 
and exactly similar building heated without ventilation. 

The Rogers Building, of nearly equal size and exposure, affords a 
valuable, though not altogether satisfactory, means of comparison. The 
walls of the New Building are lighter than those of the Rogers; its 
ratio of window surface is much larger ; its leakage about windows, 
doors, and roof is freer ; its walls are bare, while those of the Rogers 
are plastered, and its floors are without the protection of a plastered 
ceiling beneath, 

The simple heating of the New Building would therefore be more 
costly than that of the Rogers, as may be further shown by a compari- 
son of the rates of cooling of rooms selected with reference to similarity 
in location and exposure. 

Steam was shut off both buildings at the same time, about 4.45 in 
the afternoon, the rooms being all at nearly 70°. 
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The rate of first two hours' cooling is of chief importance as indicat- 
ing the rate of the cooling of the air of the room. The later cooling 
rate is that of the walls, after the air has become chilled to a point at 
which it absorbs heat from the walls almost as rapidly as it yields it to 
the cooling surfaces and inward leakage of air. Rough measurements 
indicate a leakage on a moderately cold night of 120,000 cu. ft. per hour 
each for the basement and first story, and 80,000 for the second, of 
the New Building. 

Beside these advantages in favor of the Rogers Building should be 
noted the fact that the boilers are within it, and the boiler chimneys, the 
escaping heat from which is not without its considerable effect in warm- 
ing the Rogers Building. But a few of its rooms are freely ventilated. 
As shown by the following table and discussion, the coal required for 
the Rogers Building during the year under consideration was about 70 
per cent of that credited to the New. 

An explanation of this small difference is offered in the following 
argument. A building, the floors of whose rooms warmed only by 
superheating the ceiling air, or whose top stories are overheated for 
the sake of comfort on the lower floors, must have a higher mean 
temperature than a building in which the temperature is uniform 
throughout. The loss of heat through walls is directly as the differ- 
ence between the mean inside and the outside temperatures. The 
leakage inward of cold and the outward leakage of warm air varies with 
the weight of equal volumes of inside and outside air. In case of 
elevated upper for comfortable lower temperatures, the outward leak- 
age is superheated air. The more rapid the inward leakage of cold 
air, the higher the ceiling or upper temperature must be forced with 
a corresponding effect on the rate of loss. The frequently noticed 
open windows of the upper stories of the Rogers Building is evi- 
dence in point. The heat loss attending the common method of 
securing comfortable warmth at the floor by overheating the ceiling, 
and the further loss peculiar to a building whose several floors and many 
rooms are connected by an open stair well and open doors, and which is 
liable to an overheating of top stories for the sake of warmth on the 
lower floors, may be largely reduced by securing a uniformity of temper- 
ature throughout each room and the entire building. It is for this 
reason that the cost of passing large air volumes at a low temperature 
through a building is so largely compensated for by reduced loss of heat 
through its walls, and by the reduced temperature and quantity of leakage. 

The following is a summary made up from the daily records, together 
with the method of computation by which the cost of the ventilation is 
estimated : — 
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M. T. indicates mean lemperaiure. ^^H 
M. C. indicates mean cloudiness on tlic scale of lo. ^^H 
W. T. iadicales total wind travel in miles. ^^1 
C. B. indicates total pounds of coal burned under the high pressure boilers. ^^^| 
W. C. indicates the total number of cubic feet of water condensed in the heating system ^^| 

of the New Building. ^^H 
R. indicates the pounds of coal burned to each cubic foot of water condensed in the ^^H 

heating system of the New Building. ^^H 


1883-4. 






^1 




October . . . 


M. T. 


M. C. 


W.T. 


C. B. 


W. c. 


. ■ 


47.4 


6.30 


6777 


141006 


5000 


■ 








42.5 


6.30 


7682 


268440 


7000 


■ 


December 






28.7 


3.90 


7450 


110046 


10000 


■ 


J»nu»ry . 






23.8 


6.10 


8674 


23B540 


17000 


■ 


February . 






31.0 


7.70 


75BO 


186280 


13000 


■ 


Macch 






33,6 


e.5o 


8764 


183380 


11708 


■ 


April . . 






42.7 


G.&O 


7985 


126546 


7756 


■ 


M.y . . 






63.8 


5.00 


7796 


50980 


2377 


■ 




37.e 


5.fl 


B2717 


1294290 


73840 


■ 


^1 


October , . . 


„.T. 


„.c. 


W. T. 


c... 


w.c. 


' ■ 


52.3 


6.00 


9288 


94500 


8825 


^^1 


November 






41.1 


4.70 


8732 


91500 


8067 


^H 


December 






33.1 


6.00 


8730 


158058 


U4B0 


^H 


Jinoary . 






27.0 


5.20 


10760 


182400 


16103 


^H 


February. 






20.5 


4.40 


0244 


188000 


10386 


^H 


MucU 






27.9 


4.70 


10207 


172240 


11605 


^^1 


April . , 






40.5 


4.00 


0323 


88600 


60O0 


^H 


M.r . . 






62.3 


5.50 


7811 


69300 


2816 


^H 




37.6 


4.M 


74164 


106M04 


62250 


I 


J 




■ 


■ 






^^^H 






^^^^^^H 
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1885-6. 









M. T. 


M. C. 


W. T. 


C B. 


w. a 


R. 


October . 






51.1 


5.60 


7305 


85800 


3280 


26.16 


November 






43.7 


6.28 


0388 


02435 


7300 


12.50 


December 






82.8 


5.87 


10856 


140536 


15424 


0.64 


January . . 






26.0 


5.86 


0323 


175700 


18032 


0.80 


February . , 






26.6 


5.45 


10621 


168000 


15326 


10.06 


March . . 






33.7 


5.05 


10628 


152519 


14114 


10.05 


April . . , 






48.2 


5.36 


7664 


00808 


5156 


10.30 


May . . , 






51.6 


5.33 


8640 . 


72000 


1001 


88.86 








30.8 


5.61 


74465 


056802 


80623 





1886-7. 









M. T. 


M. C 


W. T. 


C. B. 


W. C 


R. 


October . . . 


51.5 


4.00 


8558 


04200 


8100 


35.22 


November 






42.8 


4.50 


8584 


103700 


7700 


14.71 


December 






28.8 


5.00 


0033 


187200 


17300 


10.82 


January . 






25.0 


6.00 


0865 


212300 


18000 


11.80 


February . 






28.0 


5.00 


0456 


182200 


14400 


12.81' 


March 






31.6 


6.10 


10755 


103800 


15000 


12.07 


April . . , 






43.0 


4.00 


0315 


138000 


8800 


16.41 


May . . . 






50.3 


4.10 


7458 


75000 


2600 


28.84 








30.1 


5.10 


73024 


1186400 


86400 
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M.T. 


M.C. 


w.T. 


c 


W. C. 


R. 


OctoUt . . . 


61.0 


5.50 


7474 


144000 


3707 


38.80 


Noirember . . 


41.6 


4.20 


8462 


100600 


B23S 


13.;iO 


Decembet . . 


S3.1 


6.00 


8313 


17&400 


13217 


13.37 


J»niiary . . . 


20,0 


4:40 


10417 


214300 


21900 


0.74 


F=brui«y. . . 


28,4 


4.80 


7620 


1B5100 


17403 


lO.rtl) 


Marth . . . 


32.0 


5.70 


11433 


1B0200 


11161 


17.00 


Aptil .... 


42.2 


4.40 


8200 


140100 


6505 


2(1.10 


Mat .... 


52.6 


e.oo 


6684 


120300 


2931 


4.1.10 




87.5 


6.20 


08738 


1230000 


84330 





Notes from Boiler and Meter Records for 1887-8, 
WITH Discussion. 











Cul«cf«.of*..er 
(ed 10 boLler. 
Noi. 3 aud «. 


Cdmltn«d in Miin 


C«.dtn«d in 
SupplemcDUiy Coil). 


Noi. g and 2, 


OetobCT . . . 


10,058 


1,011 


2,096 


3,707 


Novcmlwr 








15,171 


4,203 


4,033 


8,236 


December 








18,258 


8,807 


4.320 


13,217 


January 








30,742 


12,760 


0,230 


21,000 


February 








26,330 


8,423 


0.070 


17,403 


March . 








20.480 


4,641 


6,620 


11,181 


April . 








20,282 


1,000 


4.506 


6,605 


M.y. . 








1B.224 


261 


2.670 


2,031 




105,223 


41.000 


42,634 


84.330 


Conecled . . . 


160,723 


41,686 


40,371 


82.087 
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As boilers i and 2 are "blown o£E" once a week, the volume of 
water, 4500 cu. ft. for the year, must be deducted as not evaporated. 
The corrected evaporation is then 165,223 — 4500= 160,723 cu. ft. 

Column 2 requires no correction, the metre correction appearing in 
the figures given. 

The steam condensed in the supplementary system has been almost 
entirely exhaust from the engines and pumps, a considerable part of the 
time, even for the winter months, that steam being in excess of the 
quantity required. As such steam has yielded part of its heat in the 
work done, correction for that loss of heat is made as follows. It is 
assumed that an average of 50 lbs. of steam per hour per H.P. passes 
through the engine. The total weight of steam so passed and condensed 
in the New Building during the year is 2,558,040 lbs., which, divided by 
50, gives 51,160 as the total work done in H.P. hour units. The theo- 
retical heat equivalent of an H.P. hour being 2564 thermal units, the 

heat taken from the steam equals \^^ I , or that required to 

966x60 ^ 

evaporate 2263 cu. ft. of water at 2I2^ 

Therefore 42,634—2263 = 40,371 is the corrected value for column 
3, and 41,696 + 40,371 = 82,067 the corrected value of column 4. 

The fractional part of the water evaporated in, and the coal burned 
under, boilers 3 and 4, chargeable to the heating and ventilation of the 
New Building, is then 82,067-=- 160,723 = .509. 

The coal burned under 3 and 4 during the year was 1,230,900 lbs., 
which multiplied by .51 gives 627,759 lbs., chargeable to the heating 
and ventilation of the New Building. 

The coal burned under boilers i and 2 for heating Rogers Building 
was 396,900 lbs. But to this must be added the coal burned under 3 
and 4 for steam used to heat Rogers Building through the warm months 
of October and May, and half of the months of November and April, 
besides the warm half-days of winter, disregarding the room (12) con- 
tinuously heated by steam from the high pressure boilers 3 and 4. 

Assuming that the ratio of condensation rate for the two buildings 
is a constant throughout the year, and that the evaporation per pound 
of coal is the same for the two sets of boilers, it is found from the con- 
densation in the New Building for October, one half of November, one 
half of April, and May, that the coal equivalent for the Rogers Building 
is 80,700 lbs. Adding this to 396,900, we have 477,600 as the total 
used in heating the Rogers Building, against 627,759 chargeable to the 
New Building, and 627,759-^477,600 = 1.3 1, gives the per cent of coal 
required by the New as compared with the Rogers Building. 
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This, then, represents the comparative cost of heating the Rogers 
and heating the air required for the warming and ventilation of the New 
Building, but it does not include the steam used in driving the fan at 
tiroes when little or no steam is used for warming the air. If this time be 
assumed as 60 days, the H.P, 14, and the steam per hour per H. P. as 50 lbs., 
the coal consumption for power for the fan becomes 52,500 lbs. Adding 
this to 627.759, we have 680,259 ^^ ^^^ ^<A?1 to be charged to the New 
Building, and 680,259-^477,600 = 1,42, the per cent when the cost of 
running the fan is included. 

The mean rate of evaporation per pound of coal is found to be 
160,723 X 60 -^ 1,330,900 = 7.85 lbs. 

The principal points of the foregoing discussion of records may be 
summarized as follows : — 

1. The proportion of the coal burned appearing in the condensed 
water returned from the New Building is 51 per cent of the total 
burned under boilers Nos. 3 and 4. 

2. The ratio of this quantity to that of the coal burned under boilers 
Nos. I and 2 is as 1.58 to i. 

3. The ratio when corrected for coal used under 3 and 4 for heating 
Rogers Building becomes 1.31 to r. 

4 The ratio when further corrected for coal burned for driving the 
fan becomes 1.42 to i. 

5. If the ratio be again corrected on the basis of " live steam " used, 
— that is, by counting out the coal used for required power aside from 
that expended in driving the fan, — the ratio becomes .67 for the New 
to I for the Rogers Building. 

No. 3 gives the best basis of comparison of cost between the simple 
heating and the heating and ventilation of such a building when mechan- 
ical means are not employed. 

Assuming that the New Building may be warmed at no greater cost 
than the Rogers, on the basis of No. 4 it appears that the actual cost in 
coal of the ventilation of the New Building may be put at 477,000 x .42 = 
200,592 lbs., or 100 tons of coal, or ^500, or something in excess of one 
dollar a year per occupant. 
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APPENDIX. 

To some readers the significance of the carbonic acid determinations 
mentioned in the foregoing pages, as a measure of atmospheric purity or 
vitiation, may not be apparent. 

The normal or out-of-door air of Boston contains from 3.3 to 4 parts 
of carbonic acid in 10,000 of air. An increase of 3 parts of carbonic 
acid, by respiration, in 10,000 of air is not likely to be accompanied by 
any sensible odor or evidence of closeness in a clean room, and in the 
dry indoor atmosphere of a New England winter. Under such con- 
ditions, therefore, air which contains no more than 7 parts of carbonic 
acid in 10,000 may be regarded as pure as it is the required function 
of good ventilation to maintain it within school buildings or assembly- 
rooms. 

To keep the carbonic acid increment of an enclosure down to the 
standard of 3 in 10,000 parts of air, 2000 cu. ft. of air an hour per 
occupant must be supplied, the assumed action of ventilation being a 
complete dilution of the exhaled breath with the air supplied. 

A comparison of the air of the New Building with a few of the 
many samples secured within the same period of experimentation 
from other buildings, may assist to a clearer understanding of the 
degrees of success attained in the former. The carbonic acid will be 
given in 10,000 parts of air. 

During the semi-annual examination of 1883-4 tests were made of 
the air in two of the then unventilated rooms of the Rogers Building, 
with a similar room in the New. 

New Building. 
Room 38. 32 occupants. Carbonic acid 6.3 to 6.21 

Rogers Building. 

Room 22. 32 occupants. Carbonic add 10.59 to 9.44 

Room 26. 32 occupants. Carbonic acid 12.84 to 11.86 

According to the method of seating for examination, only half the 
sittings in each room were filled. With an outside proportion of 3.43, 
as actually determined, the corresponding mean increment for filled 
rooms would be, for Room 38, 3.64; Room 22, 13.16 ; Room 26, 16.88. 

The open doors of examination hours, favoring the rooms of the 
Rogers Building, served to reduce the difference between the contrasted 
rooms. 
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Halls. 

Huntio?tan Hall S Ventilating apparatus used to full 12. to 9, 

} Ventilating npparatua unused 18.48 to 17.24 

Young Men's Christian Association 30.43 lo3d.50 

Music, balcony, near door with Indraught Yi.Wi 

£ floor 14, no to 10.12 

City Hall, council chamber, two-thirds full, < pallerv IS '»8 to 13 2*' 

Churches. 

( Prior to change in method of heating and ventilating, gallery, 13.43 to 12.24 

■' ) After change in method of heating and ventilating, ? , ' „ '^ '' 

^ ^ ^ ^ (gallery, 20.52 10 19.12 

Harvard, Brookline, floor 18.19 w 17.09 

Schools. 

Harvard, Cambridgeport, different rooms and times 23, to 10. S 

Blossom Street School, Boston, mechanical ventilation, rooms not full . 14..^ to 0.(14 

Newton Centre, primary, rooms not full 10.99 to 0.88 

High School, Taunton U.39 to 7.47 

Chauncey HaU 11.28 to 7.16 

Theatres. 

Floor. FiiillMlcony. Stcond ba;,:qny. G.llcry. 

^tst test 4S.7 

Boston, full,} 2d lest 39.13 42.80 44.72 48.14 

(jd test 3o.4S 45.12 

Globe \ '^^fee-fourths fuU 23.38 S.'i.aa 34.59 

■ (one-half full 19. 24.10 24.72 

Museum, two-thirds full 17.51 21.97 

Hollis Street, two-thirds full, 20.23 lO.lU 21.97 

Y. M. C. A. Building. 

Reading-room 11.G8 

Gymnasium j """""g t^ack 11.38 

^ ' (floor 11.52 

Room 24, New Building, being complained of in March, 1885, as 
having, by contrast with other rooms, a seemingly inferior ventilation, 
tests were made with the following results : 

Number of occupants 40. S.W. corner, 4.M. N.E. corner, 5.53. 

Number of occupants 43. S.W. corner, 4.90. N.E. corner. H.70. 

The room's use as a drawing-room tends, as with Room 21 already 
noted, to a close odor. 

It is a matter of sufficient interest to note that the air in movement 
from the fan to and through empty rooms acquires a carbonic acid incre- 
ment of from I to 1.25 parts in 10.000. 
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COLLEGE GRADUATES, 

Bv JAMES P. MUNROE. 

The word, college, in the title, is used in a somewhat contradictory 
sense. It is intended to cover more and yet less than its usual meaning. 
University would be better, were it not that this term has hardly, as 
yet, obtained foothold in this country. Despite the adoption of the 
title by several of our institutions for higher learning, the university, in 
its full European significance, does not exist on this side of the Atlan- 
tic. On the other hand, the term, college, is too comprehensive. No 
proper distinction is made, in the United States, between the real col- 
lege, the institution for training men in letters and the arts, and the 
secondary institution, the academy, seminary, or high school, which, 
with no semblance, except nominal, of a collegiate scheme of instruc- 
tion, usurps the title. 

Indeed, the standards of thought are so different in the several 
States of the Union, the grade of scholarship which shall be rewarded 
by a bachelor's or a doctor's degree is so indeterminate a thing, that it 
is quite impossible to define a college. It is sufficient for the present 
purpose to include all institutions, classical, scientific, and professional, 
in which the full course occupies three or four years, and for which the 
minimum of preparation is that offered by a New England high school 
of average grade. For convenience, the general term, university, will 
be used to designate such institutions. 

In so grouping and generalizing them, however, it should not be for- 
gotten that the whole is used to designate the part, and that the func- 
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tion each performs is widely different from that of the others. The 
college proper (based mainly upon the classics), the scientific school, 
and the professional school have little in common. The first is, as a 
rule, a vehicle for culture, a means solely of fostering, enlarging, and 
cultivating the mind. As such, it is the natural forerunner of the 
schools of law, medicine, and theology. For this reason, because of 
the customary sequence of collegiate and professional instruction, the 
latter is, as a rule, narrow in its scope and undiversified. He who 
comes for it, otherwise than through the gates of the college, must look 
elsewhere for his general culture. Here he can be perfected only in 
the wielding of the tools of his profession. In this point, and for this 
reason, the technical and trade schools might be included among pro- 
fessional institutions ; but from necessity, from the very nature of the 
occupations taught, these institutions are on a lower plane. 

The scientific school, however, stands in entirely different relations 
to the community. It is. of course, an outgrowth of the age, demanded 
by the inventive genius, the wealth of resource, and the industrial 
activity of the country; but it is, in a measure, the product of the 
revolt against the too exclusive classicism of the colleges, a revolt which 
already finds its reflection in the colleges themselves. The advance of 
scientific training has been hastened, its possibilities have been devel- 
oped, and its footing strengthened, by the demand for an education 
which shall have a somewhat closer relationship to men and things of 
to-day, than it is possible to create through the medium of an acquaint- 
ance with dead languages and outworn systems of philosophy. 

The scientific school might have taken its place with the professional 
institutions, thereby confining itself, chiefly, to those seeking it after the 
completion of the orthodox training. It might perhaps, on the other 
hand, by limiting its scope, have taken a rank but little above that of 
the technical or trade school. Instead of this, it has assumed, and to 
all evidence has secured, a place of equal footing if not, indeed, of 
friendly rivalry, with its classical elder sister. 

In doing this, however, in assuming this position of equal honor, it 
has taken upon itself an immense responsibility. For it must in no 
wise neglect the professional training. The bachelor of engineering 
must be no whit less finished than the bachelor of law and the doctor 
of medicine. At the same time, the burden of general culture, which 
in the professional schools is not assumed, being shifted upon the 
shoulders of the college, must, in the scientific school, be taken up 
and carried to the best possible result. A twofold problem is presented, 
and is made doubly hard by the difficulty of keeping due proportion 
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and balance in the minds of its students. The college and the profes- 
sional school can each command the attention of its pupils tu the one 
species of training; the latter has, moreover, the enormous advantage 
of dealing with minds of greater or less maturity. The scientific 
school, on the other hand, must take young men, immature as a rule, 
ambitious to devote themselves to their several specialties, interested 
more and more deeply in the problems of their ever-deveioping profes- 
sions, and chafing constantly against the curb that must be set against 
the overbalance of training without cultivation, and must lead them 
to the same general result as is achieved by the college. It must give 
them, in equal degree with that institution, the something which dis- 
tinguishes the college man from him who has not had a university 
education. 

Putting aside the vexed question as to whether or not the college 
and the scientific school do train men to the same result of culture, and 
eliminating from the discussion men who must, by the very nature of 
their subsequent occupations, either as scholars, physicians, lawyers, 
architects, or engineers, choose, without question, between the former 
and the latter, wherein does he who has been graduated from one or 
another of the higher institutions of learning differ from his fellow, of 
equal mental capacity, who has not had similar opjxjrtunity } In what 
is the first man better or worse than the second? What is the some- 
thing distinguishing the one from the other ? Why should a boy o^ 
seventeen or eighteen, who has no intention of entering professional 
life, be allowed to spend four or more of his most active years in train- 
ing himself in directions bearing only remotely, if at all, upon his work 
in life.' Does he not lose rather than gain by being switched off, so to 
speak, while his fellows out of college are plodding along in the rudi- 
ments of mercantile and other "practical " pursuits? 

The attitudes taken toward these questions by those outside the uni- 
versities are seldom unprejudiced, and are, usually, violently in opposition. 
One class view the university with extreme hostility, holding it respon- 
sible for much of idleness and wickedness in the world, while their 
opponents go to the other extreme and make a fetich of cgilegiate 
training, believing its graduates to be equipped with a magic wand to 
open all doors and clear away all obstacles. The second attitude pre- 
vails especially among men who have had to deny themselves this 
training, but for whose sons it is a possibility and almost suvtmum 



The opponents of the university, in considering the expediency of 
college breeding, will say, at once, that a boy so brought up is put at an 
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e disadvantage, by wasting, as they will term it, the best acquisi- 
tive years of his life in the pursuit of knowledge bearing, at best, but 
indirectly upon his subsequent career. They will maintain that there 
will result stagnation, or, in all probability, something worse from those 
four or more years. They will assert that the small increase of knowl- 
edge which may come to a young man in his college career may be 
quite as well attained in addition to and coincident with his mercantile 
or administrative life ; that if a boy is worth educating, if he has any 
inherent desire for acquisition and growth, he will cultivate himself, 
saving thereby the four precious years which would otherwise be almost 
wholly sacrificed. 

In support of their thesis, they will instance the fact that a college 
graduate, as such, is good for nothing in business, that he can take no 
higher place at twenty-two than would have been his at sixteen years of 
age ; and they will maintain, furthermore, that his college life anti habits 
have unfitted him to assume, to the same profit to himself and his 
employers, at the greater age, the position for which he was perfectly 
prepared at the lesser. 

There is, unfortunately, evidence to support this view of the question ; 
there are young men, and perhaps their number is not small, upon whom 
a college course seems to be a life-long drag ; who, without it, might 
have risen to honorable position in the world ; but upon whom the 
bachelor's degree has set a stamp of hopeless mediocrity. The diffi- 
^^_ culty here is not, it seems to me, except in a measure, with the univer- 
^^^^^H . sity training, but with the man himself. With rare- exceptions, no boy 
^^^^^P should be cultivated, beyond a certain point, against his will, or against 
^^^^^ the indisputable evidence of his incapacity for real benefit from higher 
^r training. Nature is too strong for custom to profitably war against her. 

^1 Wrong as it may seem to deprive a boy of advantages which might be 

^K his, were it not for his refusal of them, bitter as it is to yield your way 

^H to the boy's way, the fruit of a forced acceptance on his part will be 

^1 bitterer still. His revolt against his own best interest may be inborn, 

H it may be the fault of early errors in training ; in either case it cannot 

^V be overcome by coercion ; it must be accepted, at unce and finally. It 

H is, largely, such boys and the unhappy results of their forced training 

^B that lend color to the assertions of the enemies of the university, and 

^1 that almost lead one, sometimes, to agree that collegiate education 

H is fitted only for the few. 

H A second class of university failures is the result of the systems and 

H methods of instruction holding in many schools, both secondary and col- 

H^ legiate. It often happens that, owing to false notions of teaching, a boy 
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never discovers, from the time of his entrance into school life to the 
day of his issuing from the college doors, that education is anything 
else than a prescribed routine, of which he must take up, in order, the 
several steps ; a sort of algebraic process involving formulae to be mem- 
orized, but by no means understood, and by a juggling use of which a 
certain desired result will be brought about. That education means 
training, that the acquisition of one subject after another has any bear- 
ing upon his future life, except in so far as it does or does not give him 
a title and a certain social status, never enters his mind. This is not 
the fault of the boy. The "educational mill" is wholly responsible. 
It grinds, year in and year out, receiving so many untaught boys at one 
end and turning them out, in a variable number of years, at the other 
end, finished. Kti<\ finished indeed are most of them, so far as any use- 
fulness to the world is concerned. In the ten, fifteen, or twenty years 
during which they have been laboring through the meshes and convo- 
lutions of the educational machine, their minds have never once been 
appealed to. The;ir memories have, in all probability, been abnormally 
developed, and a kind of facility in jumping at conclusions has been 
aroused, but they are no more fitted to reason, their five senses and, 
above all, their common sense, are no more acute, at twenty than they 
were at five years of age. In fact, these precious senses and this indis- 
pensable common sense have actually been dulled, cowed, and made in a 
degree inoperative, by their journey through this monstrous educational 
mangle. 

A third class of boys who are hurt by a collegiate career, and, un- 
happily, this class seems to be on the increase, is made up of those 
who, while they have good instruction, and may, at the start, be apt 
am! ambitious, arc sent to a university not to learn, not to be developed, 
but solely to attain the prestige, the social distinction, supposed to ac- 
company the possession of a collegiate diploma. Everybody about these 
young men insists, not upon the mental and moral benefits of education, 
but wholly upon the social advantages of it. Naturally, the plastic mind 
of the boy accepts this pleasant view, and he employs his talents and his 
ambition only so far as may be neces.sary to secure the social stamp, the 
seal of good breeding, which is the reward of a certain number of years 
of apprenticeship in the schools. He buys, or his parents buy for him, 
through the necessary expenditure of money and time, the educational 
crest, the emblem from the college of letters, in the same spirit and 
with no more feeling of wrong or shame than is aroused by the pur- 
chase of a coat of arms from the college of heralds. 

It is chiefly through this foolish boy and his more foolish relatives 
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that the scandal of luxury, with its attendant evils, has come to the 
higher, and indeed, to the lower, educational institutions. The worship 
of money, the love of display, the extravagance and wastefulness 
that are the natural product of the times, have not spared even the 
boys. The youth still in his minority is trumpeted through Vanity Fair, 
and, with their approval, must imitate his elders in their silly, tinsel 
progress through the world. The sturdy independence of the genuine 
boy, the better sense of the majority, can alone put a stop to this un- 
pleasant and, it is to be hoped, transient phase of college life. So long 
as the unwritten code of college ethics holds, so long as the richest 
student shall not, of necessity, be the most popular student, the life of 
the university is not threatened by an invasion of luxury. But woe to 
the college, and woe to the nation, whose boys lose their independence 
and singleness of heart. " The nonchalance of boys who are sure of a 
dinner, and would disdain as much as a lord to do or say aught to con- 
ciliate one, is the healthy attitude of human nature. A boy is in the 
parlor what the pit is in the playhouse ; independent, irresponsible, 
looking out from his corner on such people and facts as pass by, he 
tries and sentences them on their merits, in the swift, summary way of 
boys, as good, bad, interesting, silly, eloquent, troublesome. He cum- 
bers himself never about consequences, about interests : he gives an 
independent, genuine verdict." * 

In these latter cases, in that of the boy for whom an education is 
bought in entire ignorance of its meaning and value, and in that of the 
boy for whom the purchased culture has its full and acknowledged social 
worth, there may be more and better result than in that of the young 
man educated wilfully and perforce. Provided there are not purchased 
for them, together with their college courses, ineradicable idleness and 
dissipation, these young men cannot avoid gaining, unconsciously to 
themselves, much that is of the greatest permanent value, many things 
having wide influence upon them and upon those about them, to the 
end of life, but for which the university gets no credit, of which 
there is no mention in the scheme of instruction, and the existence of 
which is not, even tacitly, implied in their more or less comprehensive 
diplomas. And these things they acquire, — useful and valuable things, 
I mean, — because they are receptive, because they acquiesce in the 
course laid out for them, and because they have some sort of dim idea 
of the necessity for susceptibility and growth. The coerced boy will, 
it seems to me, fail even of these benefits. His continued revolt will 
leave him open to no influence except to that of evil, which needs no 

♦ Emerson, Essays, First Series, " Self- Reliance." 
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invitation, but obtrudes itself into every mental and moral vacuum, and 
stands ready, as we are told, to every idle hand. 

What is there, then, in the atmosphere of the university, that per- 
meates even the mine! not prepared for or even conscious of it * If it 
is wished to make a scholar, a teacher, a professional man, or an engineer 
of a boy, and if it is desirable and possible to give him the best training 
for the life work chosen, he is sent, as a matter of course, to the best 
college, professional school, or scientific school available. But the 
demand for these specialties is limited ; the boys who have decided 
inclinations in the direction of them are tew and far between. The 
great mass of young men for whom higher education is possible are 
destined for pursuits to which no university can, directly, train them ; 
for occupations whose details can be mastered only by actual experience 
therein. Why should these boys be delayed four, or even more, years in 
beginning their life's schooling, by a university career .' If a man puts one 
of his sons into business at sixteen, and another into college at eighteen 
years of age, will not the latter be, not only six years behind the former 
in starting out in life, but always six years behind .' From a practical 
point of view, will not the latter have lost six years of his life, six of 
the most ambitious and acquisitive years, to no purpose.' Distinctly, 
no! Provided the college-bred boy is of average intelligence, provided 
he is not averse to a university training, and provided his parents and 
his teachers have done their duty in preparing him — body, mind, and 
soul — for meeting that which must, sooner or later, be met every- 
where, but for which the unforewarncd student is perhaps a peculiarly 
easy prey, — the temptations and pitfalls of life, — he will soon far out- 
strip his uncultivated brother. At the completion of his studies he will 
be much behind this brother. He may not know how to calculate per- 
centage readily, and may fail to distinguish between a government bond 
and a worthless share of stock. But in latent breadth of understanding, 
in mental grasp, in tact, and, if he has been properly taught, in common 
sense, he far outranks the other. He may, furthermore, know Greek, 
or he may be able to differentiate functions, or he may not be dum- 
founded, as is his brother, by reference to many subjects, intellectual 
and scientific ; but all this counts for very little, as such. It is not the 
ability to read Homer that is of value, in itself, except to the student of 
Greek ; it is not the knowledge necessary to calculate the strains in a 
roof truss that counts, of itself, except to the architect and civil engineer. 
It is the breadth of mind betokened by the acquaintance with these 
things ; the logical power and the reasoning facility, which can and will 
be exerted as readily upon the questions of everyday life as upon these 
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special problems ; and, above all, it is the manliness instilled into every 
right-minded young man by the training of his higher faculties, which 
elevate him above his less-favored brother. 

A university course shows a boy, or should show him, that there are 
higher things in the world than he has reached, or can ever hope to 
attain ; it opens to him a vista of infinite possibilities, leading to better 
results than money-getting or political scheming ; it teaches a boy self- 
respect, and it should teach him self-reliance. It should, too, if it be 
rightly carried on, fill him with the hope of and aspiration for further 
acquisition, mental grasping that shall be as eager at seventy as at 
twenty years, that shall not give up hard problems, but shall find ever 
greater delight, with greater maturity, in attempting their solution. 
University work is like the climbing of a mountain, easy or difficult 
as we are trained or untrained, and as we judiciously or injudiciously 
perform it, and opening to us, at the summit, an horizon unimagined 
and impossible of comprehension to those dwelling at the base, and 
unwilling or unable to earn the seeing of it. 

Though a college graduate were to never read another word of Latin, 
French, or German ; though the systems of political economy become 
hopelessly entangled in his mind ; though the theories of light and heat 
fade from him ; he has gained, nevertheless, something, nay much, that 
cannot be taken away. His mental horizon has been widened, and it 
can never again be contracted for him. He has possessed himself of a 
breeding, a polish, — cal! it what you will, — ^that it is impossible to wholly 
lose, neglect and abuse it as he may. Though he may fall wofully 
short of his early promise, though his subsequent life may be such as 
to prove the uselessness of any effort on his account, nevertheless, 
while there is promi.se, while thf unknown is still before the boy, he 
ought, if he be not too dull, too vicious, too utterly in opposition to his 
best interests, he ought to have the opportunity given him. if possible, 
to enlarge his life, to increase what capacity there may be in him for 
, by letting him come into relations with a higher life, with a more 
active intellectuality, with a body of men engaged in the pursuit of 
broader aims, than it is possible to find for a boy outside the walls of 
the university. 

Of course, unless a boy have extraordinary mental endowment, he 
will secure only a small percentage of the beitefit possible to be ob- 
tained from a college course. To gain the utmost, in one sense, from 
the curriculum of any reputable university, a man should not enter it 
before his fortieth year. On the other hand, however, in point of plas- 
ticity, of eagerness, of rapid acquisitiveness, the boy is far ahead of his 
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maturer self. There is, necessarily, enormous waste; the time when a 
human being shall acquire to his fullest capacity is as distant as is that 
when it shall be possible to utilize every atom of power from the burn- 
ing of a ton of coal. Nature is prodigal in everything. Too much 
must not be expected from the four years' residence in the university. 
It is, after all, but ont; of the first steps, though a vastly important one, 
in the boy's life. If it is felt that the newly made bachelor of arts or 
of science has learned only a little of the little that it is possible for the 
university to teach ; if the opportunities wasted, and the chances for 
improvement lost, are seen too vividly, it is well to remember that life 
is largely made up of unseized or half-seized chances, and to be thankful 
if a young man does his duty to the best of the ability and knowledge 
given him at his time of life. If a man, as he grows older, learns, every 
(lay, how much of good he passed by in his college life, he finds out, on 
the other hand, more and more, how much he unconsciously imbibed, how 
many things he owes to the college that, at the time, were unheeded 
or thought of no account. The points of view of life, at its different 
stages, are so diverse as to appear almost antagonistic. 

I have said that a rightly conducted university course fosters self- 
reliance and self-respect. To this the opponent of the college will 
doubtless agree, adding, however, that these qualities are encouraged 
and inflated beyond all reason and propriety. He will, probably, main- 
tain that, if the university is to be continued at all, the old paternal 
system of government should be restored. He will aver that in treat- 
ing boys as men, thereby to develop the latent manliness within them, 
they are thrown upon resources which do not e.\ist, they are set adrift, 
rudderless, to wander and founder as they may, and that, in this 
attempted fostering of self-reliance, their self-respect is puffed up into 
ignorant pride and obstinacy. Where this unhappy result is seen, it is 
rarely the fault of a system depending upon the essential manliness 
of boys. The home training is to blame ; the neglect of the father and 
mother to discipline and practise the child, from the very cradle, in 
obedience, self-control and reasonableness, is to be held responsible^ 
A boy of eighteen, if he has any good in him at all, will be less liable 
to stray from the right, if he is put upon his honor as a man, than if he 
is conscious of being always spied upon by the eye of authority. Under 
such conditions, he shifts the responsibility for his misdemeanors upon 
the power that failed to watch closely enough. He feels, in a measure, 
exonerated from blame, since he may share it with his guardians. A 
man's conscience, and a boy's conscience no less, is the only watchman 
who never sleeps ; he needs only to have been taught his duty. 
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As for the overweening quality of a collegian's self-respect, through 
which it becomes self-conceit, this is a failing incident more to the time 
of life than to the nature of the university training. The very fact of 
its abnormal rise during the collegiate period will make its subsequent, 
inevitable fall all the greater, and, therefore, all the more salutary. 
And a college conceit has little of the Pharisee about it. It is rather 
collective than individual. A university graduate is not so much proud 
of his own achievements, and assured of his own infallibility, as he is 
conscious and confident of the worth of his college and his class. 
Straightforward, unconventional intercourse with other boys and other 
men is antagonistic to the species of conceit that clings to a man 
through life. It is only the recluse, the solitary, who gives thanks 
for his own superiority. A college man, after running the gauntlet 
of the frank criticism of his peers, after learning all his own peculi- 
arities and shortcomings from lips that hesitate at nothing through fear 
of giving offence, such a man cannot have much individual conceit. He 
has been thrown among too many intellectual lights to have a very 
exalted idea of his own brilliancy. He may put on a bold front, but, 
inwardly, he quakes before the cold eye of the world. He only half 
believes in himself, but instinct urges him to feign full assurance ; for, 
if he has not faith in himself, the world is too crowded and too busy to 
be his surety. 

The average collegian is then, I might almost say, a child in practical 
experience. He is far behind, for the time being, in the race for money, 
for place, for position. He has, in greater or less quantity, a store of 
information, represented by equivalent marks, prizes, and what not, which 
he thinks will be of direct and immediate use to him, but of .whose value 
the world is somewhat sceptical. He has, moreover, unknown to him- 
self and cloaked, it may be, by passing self-opinion, a larger store of 
more precious things ; of breadth, of catholicity, of tolerance, of desire 
for acquisition, of belief in something higher and better than, but not 
inconsistent with, wholly practical things. He has acquired a respect 
for himself, founded upon a belief in the possibilities of man in general 
and of this man in particular. And, although he may endeavor to im- 
press others with a sense of his greatness, he has an inward conviction 
of insignificance and a hope of growth. Above all, through contact 
with great minds and great laws, he has had developed in him a feeling 
of reverence, the awe which is the basis of all truly religious feeling. 
The atmosphere of learning, the wonderfulness of all that is revealed 
to him, heedless though he be of it, is far more likely to arouse, in 
a boy of eighteen, the attitude of worship, of conviction that there 
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must be greater behind the great, than is a too early knowledge of a 
world full of meanness, of subterfuge, of low aims and petty criminality. 
The highest worship, the purest spirit of belief, is from the fullest and 
most evenly balanced intellect. The few only can be great scholars ; 
the many may be schooled. The few only can arrive at the sublime 
heights of intellectual power; the many may and should journey towards 
them, and, in so doing, find infinite reward for every sacrifice. 
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THE REMOVAL OF ROOF WATER FROM BUILDINGS. 

By dwight porter, Ph.B. 

In most cases roof water will soon take itself off without assistance, 
but its manner of doing this, and the final disposal thus made of the 
water, are not always satisfactory. Dripping eaves projecting over city 
sid^alks would be an intolerable nuisance ; and whether in city or in 
country, rain water allowed to fall freely from the roof to the ground 
next the building tends to dampen the cellar, foundations, and walls^, and 
thereby to injure the health of inmates of the building, as well as to 
harm the structure itself and property contained within. It therefore 
becomes essential to direct the course of water falling upon the roof, 
and to convey it away to a proper point of discharge. To effect these 
purposes various arrangements have been employed, some of which will 
be mentioned. 

For directing the course of the water, as it is received upon the roof, 
to a suitable point of discharge, we have gutters. On old-fashioned 
country houses these were often made from a log of moderate diameter, 
sawed lengthwise, gouged out, and supported by hooks or brackets un- 
der the eaves. In modern construction the gutter is very commonly 
made angular in cross-section, formed upon a wooden cornice, with a 
protecting sheathing of tin, galvanized iron, or copper. Half-round or 
angular gutters of these metals are also used hung at the eaves. 
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Leaders, conductors, or rain spouts, as they are variously termed, 
receive the discharge from the gutters, and, descending toward the 
ground, convey the water a stage farther in its journey. The problems 
connected with rain leaders are not very intricate, but yet they have 
not always been well solved. It is not a difficult matter to arrange a 
few leaders for receiving the roof water of a building ; but from mistaken 
economy, or from lack of knowledge, or of forethought in the matter, 
they often prove inefficient when most needed, and are a constant 
source of trouble and expense. 
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Their size, which is commonly determined by experience and judg- 
ment, and not by calculation, ranges in diameter from 2 to 6 inches. 
Two-inch pipes are too small to serve to advantage as main leaders on 
almost any building, being easily choked. Three-inch and 4-inch pipes 
are suitable and common sizes for ordinary dwellings and small com- 
mercial buildings. The 5-inch and 6-inch sizes find employment on 
large structures. 

The Produce Exchange building, in New York City, with a roof area 
of three-quarters of an acre, roughly speaking, has twelve leaders, of 
about 5 inches diameter. The roof, which is paved with fire-bricks, is 
graded with slopes of perhaps i in 50 toward the points at which the 
leader openings are placed, most of these draining surfaces of about 
4.0 .X 70 feet each. The provision here made is equivalent to about 1 
square inch of leader opening to 140 square feet of roof surface. On 
the Sloane building, at Nineteenth Street and Broadway, with a roof area 
of 18,000 or 30,000 square feet, sloping i in 25, there are two leaders of 
about 6 inches diameter, and a third rectangular, 4 inches by 6 inches. 
Ttiis gives an allowance of 240 square feet of surface to the square inch 
of leader opening, while on the Massachusetts Hospital Life Insurance 
Cc's building and the Hemenway building, in this city, the proportion 
is only from 60 to 70 square feet to the square inch of opening. 



Produce Exchange Building. New Yorli, 
Stoane Building, New York 



llui. Hospital Ins. Co. Building, Buslon, 
Hemenway Building, Bolton .... 



Seven 4" leadeti. 
Five 4" leaders. 



Whether a roof slope steeply or gently, there is a certain amount 
of water falling per second or per minute in storms, which must be 
removed ; but I have learned of no generally recognized rule among 
architects as to the leader provision which should be made for it. 

A vertical rain leader does not, of course, run full bore, even in the 
hardest storms, and yet, if carried down from the roof with its course 
unbroken by sharp bends, and if given a suitable opening at the top, 
there is probably little danger of its proving inadequate. It is very com- 
mon, however, to introduce abrupt changes of direction to suit peculiar- 
ities of architecture, Jjy which the carrying capacity of the pipe is cur- 
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tailed, and the liability of choking by leaves, rubbish and ice is greatly 
increased. On a business block on Sudbury Street, in this city, may be 
seen a rain leader which within a few feet of the point of leaving the 
gutter makes four abrupt and nearly right-angled changes of direction. 
It will frequently be noticed on buildings, also, that the immediate con- 
nection between the gutter and a 4-inch leader of ample capacity 
effected by a very much smaller pipe of lead. 

In connection with important buildings there is perhaps more need! 
of caution in designing the drain of suitable size than in fixing upon the 
size of leaders. Formerly house drains were made entirely too large, an 
error which has come to be recognized, and has led to the practice of 
using comparatively small sizes. These are advantageous for procuring 
an effective scour of the pipes by the slight flow of ordinary house drain- 
age, but have in numerous instances proved practically insufficient for 
managing the volume of water furnished by heavy storms, which is 
doubtless often hundreds of times as great as that coming from intcrior-j 
house drainage. In the Sloane building, to which reference has already 
been made, I am informed that it was found necessary, on this account* 
to enlarge the main drain from 8 inches diameter to 10 inches, consider*' 
able damage having been suffered, two or three summers ago, from a 
flood of rain water during a severe storm. 

A practical diflficulty connected with the delivery of roof water ttk- 
the house drain has also been experienced under certain circumstances, 
in the apparent carrying along by friction, and imprisonment, of a? 
large amount of air by the descending column of water, and a con- 
.sequent pressure upon the traps of connecting pipes, and even a serioija 
interference with the flow in the main drain itself, unless relieved by 
ample venting. An instance was mentioned to the writer by Mr. 
John C. Collins, Chief Inspector of Plumbing for the New York Board 
of Health, in which very considerable injury to property resulted in 
this way, the rain water bursting out near the bottom of a leader and 
flooding the basement of a building. The leader ran down the rear of 
the building, the main part of galvanized iron, succeeded near the bot- 
tom by a cast-iron shoe connecting with the drain. In the drain was 
a running trap near the foot of the leader, and another near the front 
of the building. Two stacks of waste pipe and a stack of soil pipe 
joined the drain between the traps, and there was near the front of the 
building the usual 4-inch fresh-air inlet. Still, the 5-inch drain appeared 
incapable of serving the leader in heavy rains, and water would back up 
10 or 12 feet high in the leader and overflow at the top of the cast-iron 
shoe. That the trouble was due to the interference of imprisoned air 
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was indicated by the fact that it was partly relieved by inserting a 
2 inch air-vent between the leader and the first trap, and entirely over- 
come by a 3-inch vent, 
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Now and then we find the roof water carried to the street sewer in 
an independent line of pipe, but the usual, and what is generally con- 
sidered the preferable practice, is to conduct it directly into the house 
drain, sometimes at the back end, sometimes at the front, just inside 
the main trap, and again at both these or at intermediate points, accord- 
ing to circumstances. 

On a largf proportion of city buildings the rain leaders run down the 
outside of the walls, but yet in a considerable number they are carried 
down within the walls, in which case it is evidently desirable that the 
same care should be taken to prevent the escape of drain or sewer air 
through defective material and joints that would be taken with stacks 
of soil or waste pipe. Consequently we find in the public regulations 
in force in large cities requirements that the leaders shall be constructed 
of iron (in New York copper may also be used), if carried within the 
walls. In New York City it is permitted that leaders of iron or copper 
shall be without traps, unless the top is near a window, in which case 
a trap is required at the base. In Boston, however, all leaders must 
be trapped in new construction. 

The troubles encountered in the practical service of leaders and gut- . 
ters are occasioned in part by their becoming choked with leaves or rub- 
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bish, but principally by their being clogged and burst by accumulations of " 
ice in winter. Leaves and rubbish may be largely excluded from leaders 
by the use of wire strainers or iron gratings, though these of course do 
not prevent accumulations outside and near the tops of the leaders. In 
the midst of a large city, however, leaves are usually strangers, and in a 
cold climate the trouble with gutters antl leaders comes from ice. It is 
very common to see a tin or a galvanized iron leader brought from the 
roof down the face of a building and terminating in an iron "pipe-shoe," 
as it is called. Such an arrangement will be found on the brick blocks 
of tenement houses on Nashua and Billerica streets, for example, in this 
city, and walking through these streets it will be noticed that nearly 
every one of the cast-iron shoes has been split by ice. Leaders often 
become encased in ice to the size of a barrel, from lop to bottom, while 
from gutters and eaves depend huge icicles which threaten the heads of 
passers below. 

These troubles from ice cannot in all cases be conveniently and 
entirely avoided, but on important buildings il is perfectly practicable 
to escape tbem by proper location of leaders and gutters, by the use of 
pipes of suitable material and shape, and by the supplementary employ- 
ment, in some cases, of steam. 

On steeply pitched roofs, gutters are naturally found at the eaves, 
either built out or suspended, as has before been mentioned, with lead- 
ers running down on the face of the walls. But large business blocks 
are now very commonly built with tolerably fiat roofs, a long slope from 
front to rear being succeeded by a short rise to the edge of the roof, 
the V-shaped channel between the two slopes serving as an ample gutter. 
Sometimes, indeed, as on the Morse and the Wilde Estate buildings, on 
Washington Street, in this city, the roof is given a slope from both front 
and rear toward the centre, where the gutter channel is thus formed. 
In either of these constructions, the gutter being entirely upon the main 
part of the roof, it is natural and easy to carry down the leader within 
the building, and where this is done, little or no difficulty is experienced 
from ice. Rain, snow, and ice then take care of themselves, and the 
heat of the building, supposing it to be occupied, is found sufficient in 
this climate to prevent accumulations within the leader. 

As has already been said, the regulations in large cities would pre- 
scribe for such cases iron or copper pipes, which indeed would naturally 
be employed. The same materials may be, and often are, utilized also 
for outside leaders, but galvanized iron and tin are far more common. 
The choice of material is important chiefly in connection with the last- 
ing qualities of the pipe : the shape of the cross-section, and the mode 
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of making the longitudinal seam, are important as regards protection 
against bursting by ice. 

In some parts of the country zinc was once almost exclusively em- 
ployed for leaders ; in other parts, tin. Tin pipes are still perhaps the 
most commonly used, on the whole, of all kinds, on account of cheapness 
in first cost ; but galvanized iron pipes are considered superior, and being 
not greatly more expensive than tin are given the preference in good 
work. Either material, however, is subject to gradual corrosion from 
the water which comes in contact with it, more rapid corrosion from the 
moist salt air along the coast, and still more rapid corrosion from steam 
and from sewer air. In New York City, for instance, there are many 
leaders having untrapped connection with drain or sewer, and these 
leaders, whether of tin or of galvanized iron, are said to withstand cor- 
rosion generally but a very few years. 

There are two principal varieties of tin in use for roofing and leader 
purposes. The old-fashioned or bright tin is " black iron," as it is 
called, or more and more commonly at the present time a mild steel, 
covered with a coating of pure tin. The dull tin, which is now largely 
made, has the coating of tin with an admixture of lead. The bright 
tin, which alone of these varieties is safe for culinary articles, and which 
is often also supposed to be best suited to use on buildings, is con- 
sidered by many whose experience is of value to be inferior for this 
purpose to a good dull or "leaded" tin. The latter material, when 
re-dipped in the process of coating, resists corrosion from moist and 
especially from salt air much better than the former. 

The so-called galvanized iron is either black sheet iron covered 
directly with a coating consisting chiefly of zinc, or it is sheet tin so 
covered, the iron having in this case a double coating. 

Far superior to either tin or galvanized iron is copper, which is 
practically unaffected by the ordinary agents producing corrosion of 
roof coverings and leaders. It has been very considerably employed in 
first-class work, but its cost is at present a serious bar to extensive use. 
Galvanized iron leaders cost perhaps 20 per cent more than tin leaders 
of the same size. Two or three years ago, before the rise in copper, 
leaders of the latter material cost approximately half as much again as 
those of galvanized iron, but I am informed that they now (September. 
1888) cost about two and one-third times as much as the galvanized 

Copper leaders are made of all shapes and sizes used for other mate- 
rials. Hot-rolled copper was the variety formerly employed on build- 
ings, but prejudice was aroused against it because of its softness and 
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the case with which it loses its shape. Cold-rolled copper, which is 
now utilized in good work, is harder and stiffer, and if selected of a 
grade weighing 1 8 or 20 ounces per square foot, is found to be a superior 
and satisfactory material. Copper expands and contracts under changes 
of temperature much more than iron, and allowance often has to be 
made for this when the metal is used in construction. In a long verti- 
cal rain leader of copper provision for change of length is often made 
by introducing one or more slip joints, at which there is a lap of per- 
haps three inches, and at which solder is omitted. The slip joint of 
course offers some opportunity for the escape of sewer air, if that is 
allowed to enter the leader ; but if well made, the joint is claimed to be 
soon rendered fairly tight by a slight coating which forms on the metal. 
The protection afforded to tin and galvanized iron pipes by their dis- 
tinctive coatings may be further increased by coating with tar and 
asphalt, or by use of the adamanta or other coverings. 

But while a suitable material is essential to the endurance of the 
pipe against corrosion, its protection against bursting by ice is to be 
obtained partly by the mode of joining the material, but chiefly by the 
shape given the pipe in cross-section. The common tin pipe is made in 
short lengths soldered together at the transverse joints, each length 
having a straight longitudinal seam, which is- either a soldered lap joint 
or a simple locked joint. The lap joint is not so strong as the rest of 
the pipe, and under the great expansive pressure of ice is opened. 
Whatever, then, tends to strengthen the longitudinal jointing of the 
pipe gives greater resistance against moderate ice pressure, although no 
plain pipe of ordinary thickness is proof against rupture by ice. The 
locked joint is an improvement upon the plain soldered lap joint, and is 
used for galvanized iron and copper as well as for tin. The plain lap 
joint can be strengthened by riveting, and I have seen copper leaders 
made with a straight soldered and riveted seam which is claimed to be 
stronger than the main body of the pipe, the latter yielding first to ice. 
Galvanized iron leaders are also made with a patented spiral and riveted 
seam, which renders them very strong. 

Economy of material for a given cross-section of pipe demands the 
use of a plain circular form ; but it is evident that no shape would be 
more unyielding against the expansive power of ice, and in order to 
accommodate the latter and prevent rupture, the expedient of a fluted 
or corrugated pipe was hit upon some fifteen or twenty years ago, and 
patented. This form of pipe has been very extensively used, and 
appears to have been generally satisfactory in resisting ice, readily 
changing its shape under pressure. Tin, galvanized iron, and copper 
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{>ipes are all to be had of the corrugated form, being usually circular in 
general shape, but often made rectangular as being more ornamental. 
•^\ good corrugated copper pipe would appear, all things considered, 
tci be the best available construction. The patent upon corrugated 
j-">lpos expired a year or two since, and they are now manufactured by a 
■"lumber of competing firms. 

Even if a leader pipe be used which will not be ruptured, it is, if 
Cixposed, liable to become so choked with ice as to be unable to carry 
off water, and the same thing also happens in the case of gutters. 
Hence in a climate as cold as that of Boston resort Is frequently had to 
the use of steam, not so much, however, for the purpose of preventing 
t he formation of ice in freezing weather, as to clear a passage for the 
■water when a thaw comes on. Most large buildings at the present time 
"have a supply nf steam, either for heating or for power, which can 
■viithout much clifiiculty be drawn upon during the daytime for use in 
the way that has been mentioned. 

The most common method of using steam for thawing out leaders 
is lo introduce a small jet from perhaps a |-inch or a i-inch pipe at the 
fcase, and allow the steam to rise up through the leader. This plan 
is followed at the Wakefield building, on Canal Street, in this city ; and 
=is a precaution steam is thus at times introduced also into the base of 
an iron leader in the Wilde Estate building. At the Sloane building in 
■New York, the same plan has been successfully tried, but has been 
practically superseded by allowing hot water to drip into the tops of the 
leaders. Waste steam from the heating and elevator systems passes 
into small drum-shaped condensers on the roof, and the hot water of con- 
densation is conducted through drip-pipes to the leaders. The climate 
<jf New York City is so much milder than that of Boston that compara- 
tively little trouble from ice is experienced; and the common practice 
of an untrapped connection with drains and sewers, the air of which 
IS warm, tends to prevent .serious accumulations within the leaders. 

Another method which is sometimes, but le.ss commonly used, is to 
tarry up a steam pipe through the interior of the leader. At the Cheney 
building, in Hartford, Conn., a J-inch steam pipe is thus employed. This 
pipe has an iron cap a foot or so above the roof, the cap being perforated 
by a small hole to permit some circulation of steam, but the hole quickly 
t>ecomes stopped by rust. The condensation of steam within the pipe, 
and the freezing of the water thus formed, has split the pipe at various 
l^oints; but the steam escapes all the more readily in consequence, and 
the arrangement is entirely successful in clearing out the leaders. 

Even if the leaders are kept open, the gutters are very likely to 
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become clogged with ice, and then fail to perform their duty. Attempt! 
have therefore been made to clear these also by the aid of steam, and on 
the Studio and Museum buildings in this city may be seen arrangements 
of steam pipes for this purpose. The gutters are of the common half- 
round metallic type, projecting out from the edge of the roof, the steam 
pipes extending along over the centre of the gutters and about on a 
level with the top. On the Studio building the pipes are pierced 
beneath with small holes at intervals of, say, six inches, with the object 
of directing downward into the ice of the gutter a great many small 
jets of steam. This device is not satisfactory, however. A hole is 
melted in the ice by each jet, but ridges are left between the adjacent 
holes, that have to be chopped away. Water also enters from the 
gutter into the steam pipe, freezes there, and bursts the pipe. 

It seems probaBle that if steam pipes are to be used in gutters, they 
should either be arranged with jets closer together than in the case just 
mentioned, and perhaps directed obliquely into the gutter; or they 
should be tight pipes laid on the bottom of the gutters, with a circu- 
lation of steam assured by an opening at the end or by a properly 
arranged return pipe, and with sufl!icient grade so that the water of 
conden.sation may readily flow off. 

On the Wakefield building, and to some extent on the Studio build- 
ing, steam is brought on to the roof from the nearest convenient point 
in a hose, and in that way directed at will upon the ice in the gutters. 
In the latter building the steam employed is that used for heating, is at 
a pressure of 6 or 8 pounds only, and is found not very efficient in 
cutting out the ice; but on the Wakefield building the steam is that 
used for power, is delivered under a pressure of 50 or 75 pounds, and 
is considered very .satisfactory in clearing the gutters. 

In conclusion, it may be said that in the case of large buildings, at 
least, it is possible, by some of the methods that have been pointed out, 
to avoid all inconvenience from roof water, from whatever source ; and 
on private dwellings, if the wateV is brought down from the roof in a 
vertical and unbroken descent, and a good corrugated pipe is used, there 
will be but little trouble. 

In most cities, the destination of the water, whether it be directly 
discharged into the house drain or into the street gutter, must quickly 
be the public sewers. To what extent, if at all, this water shall be 
excluded from the sewers which convey the other house-drainage, is a 
question of importance in certain cities, but its discussion need not be 
entered upon here. 

MASaACHUSETTS INSTITUTE OF TECHSOLOCV, 

Sepi ember, iSSS. 
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When one drinks a glass of ordinary city water, he often drinks 
not only HjO, but also a multitude of living organisms. These are 
interesting from a purely scientific point of view, and have also much 
practical sanitary significance. Now that it has been found that a 
number of acute infectious diseases, siich as typhoid fever, cholera, etc., 
are caused by certain tiny plants called bacteria, we can appreciate more 
fully than ever the dangers of an impure water supply. If, for example, 
the germs of typhoid fever find their way in any numbers into the water 
supply of a great city, it is not pleasant to contemplate the possible 
result. There is little doubt, however, that the danger is sometimes 
overestimated. When the new methods for the biological examination 
of water first came into use, it was thought that water containing any 
considerable number of bacteria was unfit for drinking purposes. As 
we gradually came into a more intimate knowledge of the subject, how- 
ever, it was seen that there are many forma of harmless "water-bacteria " 
capable of growing and multiplying even in distilled water. These 
innocent and probably useful forms may be present in water in compara- 
tively large numbers without serious damage to health. Yet for the 
sake of putting some sort of limit to thL> number of bacteria a good 
"drinking-water should contain, it is generally considered that any water 
that contains more than fifty to one hundred bacteria in a cubic centi- 
metre should not be used unless purified in some such way as by boihng 
(If filtering. This number, at the best, is an arbitrary standard, and in 
some good drinking-waters is frequently exceeded. The limit given is 
based on general ideas of safety rather than on any accurate and precise 
knowledge. 

The present examination of Cochituate water was carried on along 
two separate lines — one, the usual bacteriological examination, and the 
other a microscopical examination of the algse, etc., by a new method 
lately devised by one of us.' 

The samples of water were taken in an ordinary glass holding a little 
over 200 cubic centimetres. The glass was carefully cleansed, and 
i>efore each sampling was rinsed three times with the tap water. It was 



230 



A. L. Kean and E. O. Jordan. 



[1--KI 



then filled to the top of the 3oo-cc. mark, and the bacteriological sample 
consisting of one cubic centimetre removed and planted. In every case 
the sample was planted within five minutes from the time of collection, 
in order to preclude all possibility of incrtfase by standing. The 
der of the water was used for the microscopical examination. 

The method used in making the microscopical examination was as' 
follows : The glass of water, from which the bacteriological sample hadl 
previously been taken, was poured into a funnel, in the end of which 
was a half-inch of fine sand, held in place by a plug of wire gauze: 
thus allowing the water free passage while holding the sand in place. 
Through this sand the water quickly filters, the microscopic organisms 
being detained by the sand. The bacteria, however, pass through with 
the water. The plug of wire gauze is then removed, and the sand 
washed down into a watch-glass with one cubic centimetre of the fil- 
tered water directed from a pipette. The heavy sand sinks to the bot- 
tom of the watch-glass, all the grains falling apart and setting free the 
light micro-organisms which remain suspended in the water. By this 
process all the organisms contained in the glass of water are collected 
into the one cubic centimetre in the watch-glass. The object of this 
is to make the water so charged with organisms that it can be examined 
under the microscope ; for, since only a very small quantity of water can 
ever be examined at once, it is rarely practicable to subject waters of 
comparative purity to a direct examination, because a number of exam- 
inations might be made without finding anything at all. The wash 
water containing the organisms is then examined under the microscope. 
The unit of bulk used is a cubic millimetre, and a sample of the water 
is placed in a chamber of that capacity. All the organisms in this 
chamber are counted, and by multiplying the count by looo, the 
approximate total number contained In the glass of water is obtained. 
The numbers obtained at first sight seem enormous; but when the 
minute size of the organisms is considered, it is easily seen that they 
must form a very small per cent of the bulk of the water in which 
they are contained. It is, of course, very necessary to make 'several 
control counts and to strike the average of the different samples. 

So far as is known, the common forms of alg^ are in themselves 
perfectly harmless ; but. unfortunately, wherever they live there also 
they die. Their bodies thus supplied to the bacteria enable these latter 
to thrive and multiply, and if a few harmful bacteria happen to be 
present in the water, they are given the chance to increase their num- 
bers to what may be a dangerous extent. The inter-relations existing 
between the bacteria and the other microscopic organisms are at 



I 



1889-] 



A Glass of W'aUr 



231 



present very obscure. From the figures obtained from the samples, 
it is impossible to deduce any definite relation between them. 

It must not be supposed for an instant that all the forms figured 
were found in a single glass of Cochituate water, or, on the other hand, 
that they represent all the species ever found in that water. They are 
simply figures of the different species actually observed in the ten sam- 
ples taken. Of those figured, Asterionella (5) and Melosira (15) are the 
most common ; after these come Chlorococcits (8) and Tabellaria {16). 
The others appeared only occasionally, though it would be unfair to say 
that they are uncommon, since they are all known to occur frequently 
in drinking-water. 

The method employed in the bacteriological examination was the 
method of gelatin plate culture devised by Koch in 1881. One cubic 
centimetre of the water is thoroughly mixed with a larger amount of 
melted nutrient gelatin, and the whole poured out on a glass plate. 
Each living germ that is originally present in the water forms a little 
group or colony about itself in the stiffened gelatin, and in the course 
of two or three days these colonies are counted and examined. All 
pipettes, plates, and other apparatus used are carefully sterilized by 
heating to i65''-i95° C. for an hour. The gelatin is sterilized by heating 
in a steam bath for twenty minutes at a time on several successive days. 

The number of different species found in a sample varied from four 
to nine. The species were mainly common kinds, the very common 
"green water-bacillus" greatly outnumbering any other kind in every 
sample examined. Other species found in several samples were {i) the 
Proteus of Hauser, which is frequently found in water and is generally 
present in putrefying matter everywhere ; (2) a short, plump, oval bacil- 
lus, probably not yet described, which liquefies gelatin rapidly and pro- 
duces a very fine yellowish white growth on potato ; (3) a bacillus that 
liquefies gelatin and sends out small migrating colonies which give a 
peculiar "spatter" appearance to the plate. These and the green 
water-bacillus are all probably perfectly harmless, at least in small 
quantities. When, however, we take into our bodies even these 
comparatively innocent forms in so large numbers as indicated by the 
sample of Jan, 18, — 550,000 in a glass of water, — it really becomes a 
question whether or not these apparently harmless bacteria may not be 
responsible for an occasional " cold " or other slight ailment. Force of 
numbers may accomplish what a few thousand bacteria could not effect. 
This is something, however, about which nothing definite is actually 
known. The a\-erage sample of Cochituate water for the month of Jan- 
uary, 1889, is certainly nothing to be alarmed at. 
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Date. 


Hour. 


Algae in i cc. 


Bacteria in x cc. 


Mean Daily 
Temperature. 


RainlaU. 


Jan. 15 


12. JO P.M. 


50 


63 


27-5 


0.00 


" 17 


U it 


100 


69 


54.5 


0-35 


" 18 


fi « 


315 


2793 


37 


0.00 


" 19 


530 " 


305 


"34 


— 


— 


" 21 


12.30 " 


270 


114 


34 


0.38 


" 22 


1.45 " 


200 


78 


235 


0.00 


" 21 


1.00 *• 


315 


65 


28 


0.00 


" 24 


3.00 " 


>75 


73 


40.5 


Tr. 


" 25 


1245 " 


585 


68 


37 


Tr. 


" 26 


2.16 " 


130 


82 


— 


— 



Average in i cc, 245 algx, 454 bacteria. 
Average in 200 cc, 49,000 algx, 90,800 bacteria. 

If we throw out the unusually high numbers of bacteria found on 
the 1 8th and 19th, the average is 80, instead of 454. The high num- 
bers for those dates are probably due to the heavy rain-storm and high 
temperature of the 17th, but for the present this is merely a conjecture. 

A glass of Cochituate water, then, from a Boylston Street tap, from 
Jan. 15 to Jan. 26, 1889, contained on an average 49,000 algae and 
90,800 bacteria. 

FI(;URES. 
I, 2, 3, 4. Bacteria, 

5. Asterionella, A, front view; B^ side view; C, a colony. 
Color, greenish yellow, witli numerous vacuoles. 

6. Cycloteila. Ay front view ; B, side view. 

Color, greenish yellow ; the diatomin which gives the color is contained in numer- 
ous round globules. 

7. Synedra, A^ front view ; B^ side view. 

Color, greenish yellow ; the color being confined to the edges. 

8. Chlorococcus, 

Color, dull green, var>'ing to a brilliant green. 

9. Calothrix. 

Color, pale green, with numerous very prominent black dots. 

10. Amphora, /?, front view ; /^, side view. 

Color, greenish yellow, much darkened along the edges by the external markings. 

11. Fragillaria, A, front view; /?, side view. 
Color, greenish yellow, evenly distributed. 

12. Closterium, 
Colorless. 

1 3 . Trachelomonas . 
Color, dark brown. 

14. Chaetoglena, 

Color, transparent green. 
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15. Mela sir a. 
Color, green. 

16. Tabellaria. A, a colony, front view ; B, side view. 
Color, greenish yellow. 

17. Anabana. 
Color, blue-green. 

1 8 . PleurococcHs. 

The bodies are clear green, while the connecting filaments are transparent and 
colorless. 

19. Dinobryon. 

The cups in which the organisms are contained are transparent and colorless, while 
the organisms themselves are a bright green. 

20. Protococcus. 

Color, bright green ; the containing wall being transparent and colorless. 

21. PUuracoccus. 

Color, greenish yellow, contained entirely in the centre along the mid-line. 
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AN ACCOUNT OF CERTAIN EXPERIMENTS UPON SEV- 
ERAL METHODS OF COiTNTERBALANCnVG THE ACTION 
OF THE RECIPROCATING PARTS OF A LOCOMOTIVE. 

Bv U.\ETANO LANZA, SB., C. and M.E. 
With Edwuui H. DeiuKiH, Gkorob F. RirNOLOt. and Edwaid M. Shoh. 

The object of tftis paper is to give an account of the experimental 
work that has been done in the Laboratory of Mechanical Engineering 
of the Massachusetts Institute of Technology in regard to the effect 
of different methods in use for counterbalancing the throw of the 
reciprocating parts of a locomotive; and also as to how to counter- 
balance the horizontal throw and prevent nosing. 

These experiments have formed the subject of the graduating 
theses of the following three students, viz. : Edward H. Dewson, '85 ; 
George F. Reynolds, '86 ; and Edward M. Smith, '88. They made use 
of a model of an eight-wheel Hinkley Passenger Locomotive, one-eighth 
scale, which was suspended by four wires, one at each corner, and set 
in motion by steam. The following are some of the dimensions of the 
locomotive : — 

Total wheel bue 3a' jf 

Rigiil wheel base 8* 6" 

length of stroke 24" 

Diamelec of cylindci: 17" 

DiUDclcr of boiler 5aJ" 

Length of tubes Il' o" 

Dismeler of drivers S' 3" 

Diameter of track wheels 30" 

Diilancc of middle of cylinder from main driven ll' ■}" 

Weight on driven jo,Oootb*. 

Weight on truck JPflOO " 

Total weigbl 80,000 " 

Hiton, complele with rod 1S5 ' 

Cross-hcBd with key 134 " 

Main tod (entire) 30S " 

Main rod, back end I96 " 

Puallel rod 197 " 

Main pin {before pressing in wheel) 68 " 

Back pin ( ) 86 " 

Crank pin boss (estimated) 71 " 

Driiing wheel (rough) 1905 " 

Tire 1330 " 

Boxes S37 " 
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The latter includes box, sponge box, saddle, and brass. Ten per 
cent of the last three weights should be deducted for finish, which 
will give 

Weight of finished wheel 2895 lbs. 

From the weights of the locomotive on the drivers and truck, the 
centre of gravity of the entire machine is found to lie 9' 7^" back of 
the centre of the truck, and i' 6 J" forward of the centre of the main 
driving axle. 

From these and other data an eighth-scale model shown in the cut 
(Fig. 55) was constructed by Mr. Dewson, and afterwards slightly modi- 
fied in some particulars by the other two. 

Particular attention was paid to making all the part^ which affect in 
any way the disturbances of the reciprocating parts, exactly one-eighth 
scale. The following changes were made for convenience in construc- 
tion, and it will be seen that they can have no effect on the subject 
under discussion. The frame is made of a single piece of cast iron, to 
which the driving axle boxes are rigidly attached. 

The wheels are also made of one casting, and without spokes, with 
two circular slots, diametrically opposite each other, one to admit the 
fastening on of the counterweights, and the other to compensate for 
the loss of metal in cutting the first. Instead of placing the steam 
chests on top of the cylinders they were placed on the inside, the valve 
moving in a vertical instead of a horizontal plane. Also certain changes 
were made in the main rod and the parallel rod for the sake of con- 
venience of construction, as follows : The main rod was split, and the 
cross-head placed between the two parts, and the piston rod projects 
through the cross-head, and runs in a fixed bearing, fastened to the 
frame. The model, as thus far described, weighs seventy-four pounds, 
whereas, in order to correspond to the weight of the locomotive, it 
should weigh 1 56 pounds. Hence a bar of iron of eighty-two pounds 
was fastened to it in such a position that the forward end, when sup- 
ported at the centre of the truck should weigh 58.6 pounds, thus bringing 
the centre of gravity 14". 41 from the centre of the truck and in the 
same relative position as in the full-sized machine. 

The following are the various weights and dimensions of the model, 
used in calculating the counterweights : — 

Weight of crank pin 0*277 ^^* 

" " connecting rod 0-598 " 

" " piston, piston rod, etc. 0.832 " 

" '* total driving masses '•707 " 

** •* coupling masses . . , 0-598 ** 
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Length of connecting rod *o"«953 

Distance of centre of gravity from forward end 7"-07 

Distance apart of cylinder axes 9". 125 

Distance apart of centre lines of parallel rods 10". 2$ 

There are five different motions which the locomotive would receive 
through the action of the reciprocating parts if free to obey them ; they 
are as follows : — 

1° Jerking, a forward and backward motion. 

2° Nosing, an oscillation about a vertical axis through the centre of 
gravity. 

3° Galloping, an oscillation about a horizontal axis at right angles to 
the track. 

4° Pounding, a vertical up and down motion. 

5° Rolling, an oscillation about a longitudinal axis. 

Since the nosing and rolling are dependent upon the leverage of the 
acting forces, they are evidently greater for outer than for inner cylinder 
machines. 

In practice, it is customary to put the counterweight with its centre 
of gravity directly opposite the crank pin, and in the wheel, so that the 
centre of gravity of the reciprocating parts is not directly opposite the 
centre of gravity of the counterweights, but to one side. This evidently 
forms a set of equal and opposite parallel forces, or, in other, words, a 
statical couple, which tends to increase the nosing. We can balance 
the mean throw of the reciprocating parts at the dead points on one 
side of the locomotive by the use of two counterweights, a large one 
placed in the wheel on the same side of the locomotive, and opposite 
the crank pin, and a small one in the wheel on the opposite side of the 
locomotive which shall throw in the same direction as the reciprocating 
parts, and we thus obtain a system of three parallel forces, and, by pro- 
portioning them so that they shall balance each other, we shall obtain 
the correct balance for the horizontal throw. Whether this is the best 
method to follow or not, will be discussed later ; we will merely note here 
that since we are using larger counterweights than the other method 
would require, it would naturally be expected that the pounding and 
rolling would be somewhat increased ; as to how far this is an evil will 
be discussed later. Since the cranks on opposite sides of a locomotive 
are at right angles to each other, we have, in each driver, one large and 
one small counterweight, which can be combined in a single resultant 
counterweight, the radius of whose centre of gravity makes a determined 
angle with the prolongation of the crank radius. 
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In order to balance the jerking ami nosing at the same time, we can 
imagine exactly opposite the driving and coupling masses Q, and Q^ 
counterweights O, and C, of equal magnitudes, and at the same distance 
rfrom the axis {Fig. 56). The operation of these masses and counter- 
weights balance each other entirely. We can divide these counter- 
weights into two parts, which come in the driving wheels according to 




their leverages, and which, together, are equal to the counterweight 
referred to (one of them is, however, positive, and the other negative), 
and which exert the same turning moment about the axis. Change 
these weights so that they may have the same moment, and be at 
the required distance p from the axis, and we have thus obtained, the 
proper counterweights. 
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Let 2 ^ = distance apart of the cylinder axes, and of the imaginary 
counterweights. 

2 ^1 = distance apart of the centre of gravity of the corresponding 
coupling masses. 

2s — distance apart of the tracks, or middle of the wheels. 

G\ = the counterweight which should come opposite the crank pin, 
and on the same side as the parts to be balanced, and G^ = the weight 
which should come in the other wheel, p is the proper distance of the 
centre of gravity of the weights Gi and Gt from the axis, and r = the 
length of the crank. It is obvious that we cannot put these imaginary 
counterweights in the positions referred to above, but must place them 
so that their centres of gravity shall lie in the plane of the middle of 
the wheel. This we can do by applying the principle of leverages, 
and we have the correct counterweights expressed by the following 
equations : — 



c=ir(?/-±-'±d7,i±^i, (1) 

/»L 2S 2S J 

G,= ^[o/-^Z£:f:OA=^'], (2) 

the upper signs referring to the case when the connecting rod and the 
parallel rod are attached to the same crank pin, and the lower when the 
crank pins are i8o° apart. The left-hand figure shows the case of 
inner cylinders, and the right-hand that of outer. 

These equations give the total counterweights to be used, and these 
are to be divided between the driving and the coupled wheels. 

Let Gi and G^ be the weights to be put in the driving wheel, and 
Gi^ and G^," those to be put in the coupled wheel. 

• '• Gi= Gi -h Gi ^ 

and 6', = G^' -h G^". 

Let the coupling masses Qk be considered as made up of Rk and C^, 
the latter being the equivalent weight of the coupling crank concen- 
trated at the crank pin, and the former the weight of the rod. Then 
the following equations will evidently be true: — 
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ji^. + c. J^' 



We may reduce these to a singl 
of forces, and we thus obtain 



;sultaiit, using the parallelogram 



■'=-^(?,"+G,'*, 



and if -^1 is the angle between the radius of G' and C/, and -^j is the 
angle between C" and 6",", we have 



\^^,= -- 



While Mr. Dewson made but few experiments, Mr. Reynolds made 
quite a number, which included those of Mr. Dewson. 

The different methods of counterbalancing upon which he experi- 
mented will be denoted respectively by A, B, C, D, E, F, G, H, and 
they may be described as follows : — 

y/ No counterweights. 

B. Method used by one of the locomotive works, which may be 
described as follows: — 

"For the main drivers, place opposite the crank pin a weight jqual 
to one-half the weight of the back end of the connecting rod phis one- 
half the weight of the front end of the connecting rod, piston, piston 
rod, and cross-head. For balancing the coupled wheels, place a weight 
opposite the crank pin equal to one-half the parallel rod plus one-half 
of the weights of the front end of the main rod, piston, piston rod, and 
cross-head. The centres of gravity of the above weights must be at 
the same distance from the axles as the crank pin." 

C. The rule given by D. K, Clark, and followed by another locomo- 
tive works, is the following : — 

" Find the separate revolving weights of crank pin, crank pin boss, 
coupling rods, and connecting rods for each wheel, also the reciprocating 
weight of the piston and appendages, and one-half the connecting rod, 
divide the reciprocating weight equally between each wheel, and add 
the part so allotted to the revolving weight on each wheel ; the sums 
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thus obtained are the weights to be placed opposite the crank pin, ai 
at the same distance from the axis. To find the counterweight to 
used when the distance of its centre of gravity is known, multiply tl 
above weight by the length of the crank in inches and divide by tl 
given distance." 

This rule differs from the preceding in that the same weight is 

placed in each wheel. 

D, Method of counterbalancing already explained in this paper. 

E, Method used by another locomotive works, which may be '^ ■ -f e 
scribed as follows : — 

** 5 -- one-half the stroRe. 

** C — distance from centre of wheel to centre of gravity in rmmfL r 

balance. 

** tt/ = weight at crank pin to be balanced. 

"W = weight in counterbalance. 

"/ = coefficient of friction so called. 



6^ 
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G 

/= 5 in ordinary practice. 

" The reciprocating weight is found by adding together the weights 
of the piston, piston rod, cross-head, and one-half of the main rod. The 
revolving weight for the main wheel is found by adding together the 
weights of the crank pin hub, crank pin, one-half of the main rod, and 
one-half of each parallel rod connecting to this wheel ; to this add the 
reciprocating weight divided by the number of wheels. 

"The revolving weight for the remainder of the wheels is found in 
the same manner as for the main wheel, except one-half of the main 
rod is not added. 

" The weight of the crank-pin hub and the counterbalance does not 
include the weight of the spokes, but of the metal inclosing them. 
This calculation is based for one cylinder and its corresponding wheels." 

F. Method pursued by another works, which is as follows : " Ascer- 
tain as near as possible the weights of crank pin, additional weight of 
wheel boss for the same, add side rod, and main connections, piston rod 
and head, with cross-head on one side : the sum of these multiplied by 
the distance in inches of the centre of the crank pin from the centre of 
the wheel, and divided by the distance from the centre of the wheel to 
the common centre of gravity of the counterweights is taken for the 
total counterweight for that side of the locomotive which is to be 
divided among the wheels on that side.*' 
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G. Method pursued by another iocomotive works is as follows : 
** Balance the wheels of the locomotive with a weight equal to the 
■^weights of crank pin, crank-pin hub, main and parallel rods, brasses, etc., 
yilus two-thirds of the weight of the reciprocating parts (cross-head, 
piston and rod and packing)." 

//. Method pursued by another locomotive works : ■' Balance the 
■weights of the revolving parts which are attached to each wheel with 
«;xactness, and divide equally two-thirds of the weight of the recipro- 
c^ating parts between all the wheels. One-half of the main rod is 
<:omputed as reciprocating, and the other half as revolving weight." 

The method of making the experiments was as follows : To the 
front end of the model a long rod was attached, and, fastened in the 
<;nd of this, was a needle point, which was caused to trace its motion ' 
on a piece of smoked glass, slowly moved parallel to, and at right 
angles to the longitudinal axis of the machine. A sinuous line was thus 
obtained which showed the jerking or nosing according to the direction 
in which the glass was moved. The amount of either was then 
■neasured with the aid of a magnifying glass. Knowing the distance 
of the middle point from the centre of gravity of the machine, the 
angle of nosing was calculated. The results obtained for the jerking 
*ind nosing with the different methods of counterweigh ting will now be 
giveq. 

Jerking in Inches. 
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Nosing in Inches. 
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Angle of Nosing in Minutes of Arc. 
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Remarks on the Special Tests. 

A, The pointer travelled in ellipses whose major axes were at right 
angles to the longitudinal axis of the machine, and whose minor axes 
moved from one side of the centre line to the other by a small amount. 
At high speeds there was a marked tendency to roll. 

B, After making the experiments, with the results reported in the 
table, another set was made with a brake applied to the drivers, in order 
to determine whether the disturbances were affected or not by the load- 
ing or unloading of the drivers. The results, however, were identical 
with those obtained without the brake. 

C, These tests were also repeated with the brake, but the results 
were identical with those obtained without the brake. 

D, The results given in the table were obtained by using the single 
resultant counterweight calculated as already explained. Afterwards 
the tests were repeated, using the two separate counterweights, as 
already described, in each wheel. 

It will be evident from a perusal of the results that this method 
effectually destroys the nosing. 

The counterweights, however, are heavier than those used in several 
of the other systems, and it would seem reasonable to conclude that the 
pounding would be increased ; that it is not increased to an injurious 
extent will be made evident from some experiments of which an account 
is given later in this paper. 

I understand that a locomotive made at the Canadian Locomotive 
and Engine Co.'s Locomotive Works at Kingston, Oht., Canada, was 
counterweighted in this way, and was considered a very smooth-running 
engine. 

The method itself is given by Rankine and by Grove, but does not 
seem to have been tried in locomotive works, with the single exceptipn 
already mentioned. 
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E. The counterweights used in this method of balancing are con- 
siderably smaller than those used in the preceding methods. Moreover, 
the increase in the nosing and jerking shows that the counterweights 
are too light to balance the disturbances successfully. In this case, 
however, the tendency to roll was considerably less. 



It seemed desirable to investigate these different methods of counter- 
weighting in regard to their effect upon the pounding. Two series of 
experiments were made for this purpose, — one by Mr. Reynolds, and the 
other by Mr. Smith. 

The work clone by Mr. Reynolds may be described as follows : — 

The model was placed upon a wooden frame in such a way that the 
wheels were free to revolve as before, and the whole was placed upon 
platform scales. The mode of conducting the experiment was as fol- 
lows: The whole was weighed at rest, and then after it was set in 
motion the weight was ascertained, which it was necessary to add to 
keep the scale arm from leaving its seat. 

Since the throw is the same upward as downward, this extra weight 
.subtracted from the original weight should give the amount indicated on 
the scale arm, when the arm just stays agairtst the upper stop. This it 
did in every case. 

These experiments do not, of course, show the actual force of the 
vertical throw in pounds, but merely give relative results, thus showing 
which of the methods already detailgd is the best in this respect. 

TJie results are given in the following table : — 




These results would seem to show that the pounding is not materially 
greater in D than in the other methods in use. Mr. Smith attempted 
to obtain more nearly absolute values by directly weighing the pound 
on the driving boxes by means of springs. 



\ 
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The apparatus used is shown in the accompanying cut (Fig. 57). It 
will be seen that the driving boxes are in two parts. Now, by removing 
the screws which were intended to fasten the lower to the upper half, 
we may have the pressure which would otherwise cause a tension in 
these screws transmitted through the weighing springs placed beneath, 
and thence to the frame by means of the horizontal piece AB, and the 
bolts CC. The only changes made in the model itself to secure this 
arrangement were to remove the bolts fastening the two halves of the 
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driving box tt^ether, and to replace the bolts which attach the boxes to 
the frame by the ones CC shown in the drawing, and which perform 
the double duty of supporting the upper part of the frame and of trans- 
mitting to it the weight which may come on the spring. 

These weighing springs were graduated to a scale of sixty pounds to 
the inch. The head of the spring was provided with a nipple, fitting 
into a corresponding hole in the driving box, and the elongated tail 
piece passed throu2;h the micrometer screw /?, on which the spring 
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rests, thus making the different parts of the apparatus stable in posi- 
tion. From the spring the pressure was transmitted through the 
micrometer screw to the horizontal piece AB. These screws were 
made with a pitch of twenty threads to the inch and accurately fitted 
to the corresponding tapped holes in the supporting pieces. With the 
screw is the micrometer device, arranged as follows : To the piece AB 
is fastened the brass scale E, graduated to twentieths of an inch, cor- 
responding to the pitch of the screw. Next to the milled head of the 
screw is a brass collar F, divided circuraferenCially into twenty-five equal 
parts. Now, since each revolution of the screw causes a vertical move- 
ment of tJc of an inch, each of these divisions corresponds to j-j^ of 
an inch. Readings can be taken to tuVu of an inch, and the scale might 
easily be read to jdVh o^ s" inch, if the other conditions of the experi- 
ments should make such precision valuable. A difference of toVtt of an 
inch in the reading corresponds to a compression of ^ of a pound. 

The method of conducting the experiments was as follows : The 
counterweights which it was desired to investigate were first placed 
in the wheels. Then a micrometer reading was taken under each wheel 
while the machine was at rest, these readings being used as datum 
readings for the succeeding ones, whose excess over these gave the 
pressure due to the centrifugal action of the reciprocating parts and 
counterweights combined. 

The experiments of Mr. Smith were not, however, carried to a suffi- 
cient degree of completeness to render them suitable for publication 
until some farther work is done upon them. 

In conclusion it may be said that while method D effectually destroys 
the nosing, and is undoubtedly the best for balancing the horizontal 
throw, it seems desirable to make more experiments upon the vertical 
throw, before very decided conclusions can be drawn in this regard. 
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RELATIONS OF THE FINITE OF THE BOSTON BASIN" 
TO THE FELSITE AND CONGLOMERATE. 

By W. O, CROSBY. 

Im i88o* the writer called attention to the fact that the soft, green- j 
ish and somewhat unctuous, amorphous mineral, which is such an J 
interesting constituent of the conglomerate so extensively developed in I 
the vicinity of Boston and which has been frequently mistaken for ser- 
pentine, is shown by its ready fusibility not to be magnesian ; but that I 
analysis proves that it is essentially a hydrous alkaline silicate of alu- 
minum, and that its physical as well as its chemical characters ally it J 
with the protean species pinite. It was further shown: (i) That the I 
pinite not only contributes largely to the formation of the pebbles and 1 
paste of certain parts of the conglomerate, but that it is also found f 
in the sandstone and slate of this region. (2) That its occurrence in 
the form of pebbles and fragments proves that it must usually, if not 
always, be regarded as an imported constituent of these fragmental rocks. 
(3) That the pinite is also often associated with the felsite in and around i 
the Boston Basin, and always in such a way as to show that it is indig- 
enous in that rock and has resulted from its alteration, the pinite having , 
its best development near the surface of the felsite ledges or along 1 
the joint cracks traversing the felsite. 

The fine exposures, then recently made, on Central Avenue, MUton, 
of a purplish felsite largely changed, superficially and along the joint 1 
planes, to a green pinite, and surrounded and in part covered by a | 
distinct pinite conglomerate, was described in considerable detail ; and 
analyses were given to show that the pinite in the conglomerate is J 
essentially identical with that in the felsite, the fel.site ledge being ' 
plainly the source of the pebbles of both felsite and pinite composing 
the conglomerate. It was also pointed out that not only the occurrence 
of the pinite dibris in the fragmental rocks, which are believed to be 
wholly of Primordial age, but also its superficial position in the felsite, 
where, as on Central Avenue, that rock is covered by the conglomer- J 
ate, proves that the formation of the pinite must date largely, if not ( 
wholly, from Primordial times ; the facts seeming to warrant or to | 
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plainly suggest the conclusion that, in Primordial and pre- Primordial 
times, the felsites, to a considerable depth, were changed by the atmos- 
pheric agents, not to kaolin, as generally at the present time, but to or 
toward pinite ; and that subsequently this decomposition-product was, 
for the most part, swept away by the sea in which were deposited the 
Primordial conglomerate and sandstone. 

A thorough study of the geology of the Boston Basin carried on 
during the past four years has brought to light no facts materially con- 
troverting any of these general conclusions concerning the origin and 
geological relations of the pinite; but, on the other hand, several strik- 
ing confirmations of them have been obser\'ed ; and the principal object 
of this paper is simply to add the weight of some of this new evidence 
to the argument as made up nearly a decade since. 

Something more than a year ago my attention was called to an im- 
portant development of pinite on the north side of the Boston Basin, in 
Medford, by Dr. D. F. Lincoln ; and he kindly assisted me in obtaining 
typical specimens of the pinite and associated rocks. 

North of High Street, in West Medford, hornblendic granite is the 
prevailing rock. It intersects the Arch^an quartzite and diorite at 
some points, and is itself traversed by numerous dikes of diabase, some 
of which are very large. Southward, the granite becomes very fine 
grained, nearly or quite micro-crystalline, and is overlaid, possibly with- 
out any important break, by a greenish gray to gray felsite. The felsite 
is often indistinctly porphyritic. and occasionally concretionary or 
spherulitic. The junction of the granite and felsite appears to run 
in an east-northeast direction, crossing Allston. Mystic, Woburn, and 
Purchase Streets, north of High Street, This contact is not well 
exposed, because both the granite and felsite are here overlaid by 
a belt of conglomerate 300 to 500 feet wide, dipping south, or away 
from the granite, about 30°, and changing in that direction to a con- 
formably overlying quartzite which has a somewhat greater breadth 
than the conglomerate. The felsite is repeated in prominent ledges 
south of these sedimentary rocks by a fault along the line of High 
Street. 

Although the conglomerate is chiefly composed of pebbles of quartz- 
ite, granite and felsite, it also encloses fragments of pinite and finely 
comminuted material of the same general character. But the only sat- 
isfactory exhibition of the relations of the pinite to both the felsite and 
conglomerate, in Medford, was afforded very transiently by a trench 
which was excavated for a water-pipe in a small court running from the 
west side of Mystic Street, 400 or 500 feet north of High Street. This 
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trench crossed obliquely the junction of the granite and felsite at a point 
where it almost exactly coincides with the contact between the felsite 
and conglomerate ; so that all of these rocks were clearly exposed in 
one short and continuous section. The granite is micro-crystalline and 
not readily distinguished from the felsite; and the latter is, superficially, 
or next to the conglomerate, largely changed to a deep green, typical 
pinitc. The alteration is not uniform, being more marked at some 
}K)ints than at others ; but between the pure pinite and the felsite there 
would appear to be a perfect gradation, except that where the felsite is 
not affected by the pinite alteration it is more or less kaolinized, so that 
no unaltered felsite was observable at this point. Fragments of the 
different grades of pinitc, as well as of the felsite and granite, were ob- 
served in the conglomerate, which was evidently deposited over a deeply 
weathered or altered ledge of felsite and granite, the debris of which 
contributed largely to its formation. Not only the compact, but also 
the porphyritic and spherulitic varieties* of the felsite are represented 
in the pinite. It is noticeable, however, that the pinite alteration is 
virtually limited to the felsitic ground mass of the rock, having rarely 
affected the porphyritically developed feldspars or the feldspathic sphe- 
* rules, for these are still white, and occasionally retain the hardness of 
feldspar, although very generally kaolinized. 

The pinite evidently occurs here under essentially the same condi- 
tions as on Central Avenue, Milton ; and its connection with the felsite 
was so clearly exposed as to make it desirable to further test its deriva- 
tion from that rock by analysis. It was first sought to compare in this 
way the pinite and the unaltered felsite ; but this plan was reluctantly 
abandoned on account of the general kaolinization of the felsite not 
affected by the pinite alteration. The comparison is therefore made 
between the most typical pinite obtainable in the trench and felsite that 
appeared to be, as judged by its position, color, and hardness, only 
partially altered to pinite. Through the kindness of Dr. T. M. Drown, 
repeated analyses of these two types have been made by the class 
of 1889 of the Massachusetts Institute of Technology. The results are 
tabulated below. The first column of figures indicates the number of 
separate determinations of each constituent ; and the second, third, and 
fourth columns, the minimum, maximum, and mean results obtained. 
The different determinations were, to a large extent, made with inde- 
pendent specimens ; and the considerable variations observed in some 
cases are undoubtedly due in large part to original differences in the 
material. Each table is followed by the names of the students by whom 
the analyses were made. 
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The analyses of felsite indicate a somewhat hydrated, acid rock, 
containing some free silica and both potash and soda feldspars. The 
magnesia and, perhaps, the lime may be referred to microscopic horn- 
blende, the composition throughout being analogous to. although prob- 
ably less acid than, that of the associated micro- granite. ■ A notable loss 
of the alkaline constituents has evidently already taken place : and it 
seems probable that the silica thus liberated has not been wholly elim- 
inated from the rock. The conversion of this altered but still acid 
felsite to pinite involves, besides the increased hydration, a very impor- 
tant diminution of sUica and soda, and, in consequence, a marked relative 



2S2 



li: O. Crosdj: 



[Feb- a 



increase of alumina and potash. This gives very nearly the normalK^s 
composition of pinite, if wc refer several per cent of silica to the:^^» 
original and insoluble free silica or quartz. 

The relations of the pinite to both the felsite and conglomerate h^v— =^ 
also been clearly exposed by recent quarrying at a new locality on the — ~= 
south side of the Boston Basin. This is in the Mattapan district of ^3 
Dorchester, on Norfolk Street, and immediately south of the New York _" 
and New England Railroad. The prominent ledge on the east side of 
the street has long been known by the writer to exhibit the contact 
between a dark green and nearly compact melaphyr on the west, and a 
light gray to red compact and finely banded felsite on the east. The 
contact of the melaphyr and felsite at this place Is a fault with .the 
melaphyr on the down-throw side. On fresh surfaces, especially, the 
felsite is more or less greenish and shows in its softness, also, consider- 
able alteration toward pinite ; while recent blasting has shown that the 
melaphyr is overlaid at the highest point and next to the fault by a 
small outlier of conglomerate with intercalated layers of purplish slate. 
The conglomerate, which is in part a fairly good breccia, is composed 
almost wholly of pinite and felsite, and it is very clear that this detritus 
has been derived from the felsite area immediately adjoining. 

The facts appear throughout to support the general conclusion that 
the fragmental pinite in the conglomerate, as well as the principal part 
at least of that still associated with the felsite, dates from Primordial 
times. A careful search has been made for evidence of the alteration 
of felsite pebbles to pinite after their enclosure in the conglomerata 
It appeared on first examination as if an example of this had been found 
. on Blue Hill Avenue, in Milton. About one-half mile south of the 
Neponset River, the avenue crosses an area of felsite showing the 
pinite alteration to some extent. The felsite is surrounded and prob- 
ably overlaid by a distinct and beautiful conglomerate, in which felsite 
pebbles largely predominate ; although a very typical dark green pinite 
occurs prominently in both pebbles and pa.ste. An occasional pebble, 
however, consists of a centre or nucleus of unaltered gray or purplish 
felsite surrounded by an indistinct zone or envelope of pinite, which 
thus has the appearance of being indigenous in the conglomerate. But. 
while it is possible that these pebbles have been superficially changed 
to pinite, since their separation from the parent ledges of felsite ; the 
irregular thickness of the pinite crusts, indicating mechanical wear, 
and the fact that, with these rare exceptions, the felsite pebbles show 
no superficial alteration whatever, leave little or no doubt that the 
alteration was wholly anterior to their enclosure in the conglomerate. 
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THE STRENGTH OF THE MICROPHONE CURRENT AS 
INFLUENCED BY VARIATIONS IN NORMAL PRES- 
SURE AND MASS OF THE ELECTRODES* 

By ANNIE W. SABINE, A.M., H.B. 

The experiments described in the present paper, undertaken at the 
suggestion of Professor Cross, constitute a study of the variation of the 
current in the secondary circuit of a microphone transmitter, as related 
to variations in the normal pressure and in the mass of the electrodes 
of the microphone. They form a continuation of work of a similar 
character which has been prosecuted in the Rogers Laboratory during 
the past few years, and a portion of which has already been presented 
to the Academy. {See Proc. Am. Acad., Vol. XXL. p. 248 ; Ibid., Vol. 
XXIII., p. 228; also Tech. Quarterly. 1.. p. 238.) 

The instruments used were similar to those previously employed by 
Messrs. Patterson and Tucker, and described in the latter of the two 
articles just referred to. The electrodynamoaieter was calibrated by 
means of a Hartmann galvanometer, using reversals in the ordinarj' 
manner so as by four "readings to eHmlnale the effect of the earth's 
magnetism on the suspended coil. 

The microphone contact was set into vibration by the sound of a 
stopped organ-pipe (C, of 5 1 2 vibrations) kept as constant as possible 
by means of an air-blast furnished with a regulating air-chamber. 
Weights are gradually added to the upper (anvil) electrode, so that 
the mass of this and its pressure on the lower electrode were thereby- 
increased by measured amounts. The weights added were usually in 
the form of thin copper washers weighing -^ of a gram each, though 
fractions of this weight were used in some cases. One chromic acid 
cell was used as a battery. 

The character of the results obtained will be seen by an inspection 
of Figure 1, which gives the curve showing the relation between the 
normal pressure and the resulting current, with electrodes of the ma- 
terials employed in the Blake transmitter, viz., a platinum hammer 
' and a hard carbon anvil electrode. The abscissas represent the normal 
pressures, i.e., the added weights, and the ordinates the currents pro- 

• Read at n meeting of the American Acailemy of Arts and Sciences, Nov. 14, 18S8. 
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duced in the secondary. The data from which this curve is constructed 
will be found in the following table. The load is given in terms of 
the arbitrary unit employed ; the currents are given in milliampires. 

Table. 

IxMd. Current. Remarks. 



o 







•5 


.18 




IX) 


46 


Loud, good quality 


»-5 


.48 


« « 4i 


2.5 


•56 


<4 t< 4< 


3-0 


•49 




3-5 


•45 


Faint, good quality. 


4.0 


Zl 


<« n « 


4.5 


.21 




50 


•»9 





« 

«4 



Tlie cur\'e shows a rapid rise at first, as the mass of the anvil elec- 
trode, and with it the pressure between the electrodes, is increased, 
which rise soon reaches a maximum, the curve then falling off rapidly 
at first, more slowly afterwards. 

The nature of the curve is interesting, and requires explanation. 
In his article already referred to, Mr. G. W. Patterson, who obtained 
similar results to my owit, considers the curve to be composed of two 
separate branches, the rising portion of the curve corresponding to a 
motion of the electrodes sufficient to break the circuit, and the falling 
portion to the case when the pressure is too great to allow this to occur. 
The curve (Am. Acad. Proc, Vol. XXIII., p. 235, Fig. 4; Tech. Quarterly, 
I., p. 238) constructed upon this hypothesis greatly resembles one of the 
experimental curves shown in Figure 3 of the same paper. There is less 
resemblance, however, to the lower curve in Figure 3, and but little to 
the curve shown in Figure i of this article, which was obtained under 
exceptional conditions of quietness of the piers upon which the appa- 
ratus was placed. The sound in a receiving telephone placed in the 
secondary circuit is so harsh for this portion of the curve, that one 
might well infer that actual breaks occurred ; but this is very doubtful, 
and such breaking is certainly not essential to the production of the 
results which are obtained. In fact, the article referred to assumes 
that the varying pressure on the contact due to the action of the given 
.sound-waves will always have the same maximum value, ±S. This 
would be approximately true were the normal pressure between the 
t>yo electrodes alone to be varied, but ^the effect of the addition of 
weights, as in the method of experiment adopted, is to increase the 
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.^rnass at the same time that the normal pressure is increased, and under 
-these circumstances the effect of a sound-wave of given intensity will 
^necessarily be to give to the corresponding pressure-vjiriation a variable 
-^p^^lue, increasing with the added mass, and hence, with the form of 
.^apparatus used, as the normal pressure is greater, The effect of this 
-^will be to cause at first a gradual increase of current in the secondary, 
-*.vhich increase is succeeded by a diminution of current when the mass 




is still further increased. This will be apparent from an inspection of 
the curve shown in Figure 2, which illustrates in a general manner the 
relation of the pressure between the electrodes to the current in the 
primary circuit. 

In this the momentary changes in pressure, A/, A/>', A/", etc., due 
to the sound-waves, and corresponding to loads and normal pressures 
p, p\ /", etc., have increasing values within certain working limits. 
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owing to the increasing mass of the anvil electrode. The currents in 
the primary also increase, though at a gradually diminishing rate, as 
the pressure between the electrodes is increased, so that the increments 
of current, Ar, Ar', Ar", corresponding to the pressure-changes A/, A^', 
A/", have increasing values up to some point, as a, after which they 
decrease. This being the case, it is evident that the current in the 
secondary will at first increase to a maximum, and afterwards diminish, 
since the currents in the secondary corresponding to pressures/,/',/", 
etc., will be proportioned to Ac, Ac', Ac", etc., and this is precisely the 
curve which is obtained in the experiments. The explanation just 
offered seems therefore to be the true one. 

The matter was still further tested by carrying out a set of experi- 
ments similar to those already described, except that the variations in 
normal pressure were brought about by means of a spring instead of 
by adding weights. In such a case the successive values of A^ in the 
<:urve (Fig. 2). would be of the same magnitude, while Ac would contin- 
ually diminish. The current in the secondary should therefore have its 
maximum value when the initial normal pressure is least, and continually 
diminish as the pressure becomes greater. 

The experimental results verified this conclusion, as will be seen by 
reference to Figure 3, in which the normal pressures are represented 
by abscissas, and the currents in the secondary by ordinates, as before. 
The curve is approximately a straight line. It is possible that the 
deviations from this are due to instrumental imperfections, as the 
apparatus used did not allow of more than an approximate determina- 
tion of the pressure applied by the spring. 

Rogers Laboratory of Physics, 
June, 1888. 
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RESEARCHES ON MICROPHONE CURRENTS.' 

Bv CHARLES R. CROSS, S.B., AM) ANNIE W. SABINE, A.M., S.B. 

In continuation of studies described in former papers from the Rogers 
Laboratory, the authors have observed the variations in the secondary 
current which occur under different circumstances as to mass and 
normal pressure when the material of the electrodes of a microphone 
is varied. The methods and apparatus employed were identical with 
those described in the paper immediately preceding^ the present one. 

In the first series of experiments both electrodes were made of the 
same material, the hammer electrode being a very small button, and 
the anvil electrode a larger one, as in the Blake transmitter. As the 
mass and pressure upon the anvil electrode were' varied, the currents 
in the secondary at first increased up to a maximum, and afterwards 
diminished, as shown in the article just referred to, as well as in the 
curves given with the present paper. Tables I. to XVI. give the 
numerical results obtained, and Figures i to 14 are curves showing 
the relations between the variables, the loads being abscissas, and the 
corresponding currents in milliampferes the ordinate.s. The unit of 
weight adopted was -^ of a gram. The remarlts in the third column 
of the tables indicate the nature of the sound heard in a receiving tele- 
phone placed in the secondary circuit. The current was in aJl cases 
zero when the load was zero. 



Tablk I. 

ELECTRDiits. — Iran 
Loid. Cuncni. Rcnurlu. 

I .19 Sound rough and. 
I .a4 Shrill, ci™, meia 



3 



.16 



Tabt.e II. 

Electrodes. — Platinum, I'tath 
l ^adh CuTTCcil. Renurki. 



Table III. 

Electrodes. — Carhan, Carbon. 
Current. Beoucki. 

.44 [l*rsh; loud. 



slight fluttering, 
faint Buttering. 
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Table IV. 


Table VIII. ^K 






Ixad. Csnat. Remuki. 


1^;^. Cuttent. Rtm^k.. ^^M 


I .43 Harsh and loud. 


I .450 Harsh and ^H 


2 .59 ■■ 


2 .560 " ^H 


3 .67 Qaality gocjd and clear, some flul- 


3 .670 Uncertain; sometimes good qual- ^^H 


lering. 


^B 


4 -59 


4 .230 Harsh; fluttering. ^^^| 


5 .la Faint, flullering. 


^^H 


6 ,09 " 


Table IX. ^H 




ELECrxoDes.— CdrAoM, Cariott. ^^^M 


Table V. 


Ijud. Cuirul. Remulu. ^^H 


ElectsoOes. — Carimi, Platinum. 


I ,360 Harsh and loud. ^^H 








3 .620 Good quality, somewhat riogh. ^^^| 


1 445 Harsh and loud. 


4 .545 Cullering. ^^M 


I .61 Oear: good quality. 


4.; .125 Faint and rough. I^^^l 


3 .66 aear; some flattering. 


5 ^H 


4 .63 Faint; good qualily; some flut- 


5'5 . ^^H 


tering. 




S 39 " " 


Table X. ^H 


6 -» ■' " 






Ei.ECTRoriF'.i. — /run, /mn. ^^^^| 


Table VI. 






^^H 


ELBCmODES. — /roB, CarboH. 


.310 Quality good. ^^^| 


Lwl. COKU. Remuki. 


J ^^1 


1 .115 Hanh, tnegular noise. 


4 .180 J^^H 


2 .a6o 


Table XI. ^| 


I 310 

4 290 Gear, good qualityi fainl. 




5 .300 Faint; slight fluttering. 


Load. Cuncnt. Remaiki. ^^^| 


6 ,095 Kainl. 


1 ^^H 


7 .CMO " 


I .420 ^^H 




3 .540 Quality good; loud. ^^^^| 


Table VII. 


4 .630 flight fluttering. ^^H 

5 .120 faint fluttering. ^^^| 


KLECIRriDKR. — Cariaii, /ran. 


^^M 




Table XIl. ^H 


1 .395 Harsh and loud. 




2 .530 Gear, shrill, good quality. 


Electrodes.— Carion. PlatiHu-i. ^^H 


3 .570 Qear; flullering. 


Load. Cumul. Kcmuki. ^^^| 


4 .590 Quality goo<!; slightly harsh. 


^^H 


5 -^fc 


I .440 Shrill and loud. ^^H 


6 .,50 ■' 


3 .530 Gear, loud, good quality. ^^^| 


7 .100 Very faint 


4 ^^^1 


S 040 


5 .555 Fainter and rougher. ^^H 


^^^^^^^^^^^^^^^^M 
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Table XIII. 



Table XIV. 



Electrodes. — Irofif Carbon. 

Load. Current. Remarks. 

I .240 Sound uncertain. 
.300 

.310 Qear; good quality. 
.290 " " " 

.180 " " " faint. 

<l « it u 



2 

3 

4 

5 
6 



.099 





Electrodes. — Carbon, Iron 


Load. 


Current 


Remarlcs. 


I 


•345 


Rough, steady. 


2 


•515 






3 


.615 


Good 


quality. 


4 


.560 


<i 


(( 


5 


•235 


Faint, 


rough. 


6 


.140 


Faint, 


clear. 




3 4 5 6 
Fig. 12 




^^567 



Fk:. 14. 



( Micropha. 



Table XV. 

Electrodes. — Capper, Carbon. 
Loud. Currenl. Rcmarlu. 

I .390 Rough and loud. 
1,5 _490 

a .590 
a.5 .550 



Electrodes, — Carbon, Capper. 



,140 Good quality; flulterii 



Figures i to 3 show very well the characteristics of the substances 
iron, platinum, carbon. Comparing the curves for carbon and platinum 
(Figs. 2, 3), it will be seen thai the maximum current obtained under 
the conditions of the experiment was about the same in both cases. 
But the current falls off far more rapidly with platinum as the pressure 
is further increased, thus giving to carbon a greater working range of 
pressure-variation within which it can be practically used in a micro- 
phone transmitter, a fact long since recognized in practice. Iron (Fig. i) 
has a considerable range, but the current produced is not great. 

Tables IV. to VIII., and Figures 4 to S, illustrate the results obtained 
when the electrodes were of different materials, the substance of which 
the anvil electrode was made being the first mentioned. In the experi- 
ments now particularly referred to, the two electrodes were made of the 
customary size, the hammer small, and the anvil large. 

An inspection of the curves shows that the character of the result 
obtained under these circumstances was determined chiefly by the mate- 
rial of the anvil rather than of the hammer electrode. This is particu- 
larly well illustrated in the case of iron and carbon, as shown in Figures 
6 and 7. 

This difference persisted even when the hammer and anvil electrodes 
were made of the same size and shape, as will be seen by an inspection 
of Tables IX. to XVI., and Figures 9 to 14. We have still to determine 
whether the same peculiarity would be observed with other modes of 
mounting the electrodes. 

Besides the foregoing results, we have made a determination of the 
actual strength of the working currents employed on telephone lines. 
The values previously obtained in the Laboratory had been ascertained 
from experiments on very short experimental circuits. But through the 
courtesy of the Long Distance Telephone Company, we were able to 
put our measuring apparatus in circuit both with the city telephone lines 
and with one of the long lines to New York. 

Several interesting results were thus reached, as shown in Table 
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XVII. The first column gives the name of the transmitter employed, 
the second the nature of the sound transmitted, the third the location 
of the transmitter, the fourth the strength of the telephone current in 
milliamp^res. The length of the line from 95 Milk Street to the Insti- 
tute was about two miles ; that of the line to New York was two hundred 
and sixty miles. 

Table XVII. 



Tnumiiur. 


s™.. 




Canal. 


Hlakc 


Talking 


95 Milk Street 


.185 




Singing 




S» 


Hunnings 


Talking 




.28 


■■ 


Singing 


■■ 


■78 


" 


Talking 


New Yotk 


jO» 


" 


Counting 




oz— 


" 


Organ Pipe 


■• 


ai-\- 


" 


Counting 


Rogers Lsboralory 


«-0S 


■• 


T*lking 


■- 


2.10 


" 


Oigui Pipe 


■' 


1. 14 



The speakers were Dr. W. W. Jacques of Boston and Mr. F. A. 
Pickemell of New York, who kindly aided us in our work. They are 
both experts in the use of the telephone, and accustomed to work with 
each other. The pitch, as well as the loudness of the sounds used, was 
kept as nearly as possible the same. The vocal sounds transmitted were 
spoken in a very loud tone, and close to the transmitter. 

The figures obtained with the long line to New York are very instruc- 
tive, as they give some knowledge of the loss of current which is sus- 
tained in long distance telephony. When the transmitter was at the 
Institute, near to the dynamometer, the full current produced by the 
former passed through the latter instrument, while, when the transmitter 
in New York was the one used, it is clear that only what was left after 
all leakage, etc., passed through the measuring instrument. Assuming 
the sounds as produced at the two stations to be of approximately the 
same pitch and loudness, it appears that only about one one-hundredth 
of the original current produced at the transmitting station is finally 
utilized at the receiving station. It further appears from these figures 
that about 13 per cent of the current produced at the transmitting sta- 
tion was utilized in ordinary telephonic transmission over the local lines 
■from 95 Milk Street to the Laboratory. 

Rogers Labobatobv of Physics, 
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THE STRENGTH OF THE INDUCED CURRENT WITH A 
MAGNETO -TELEPHONE TRANSMITTER AS INFLU- 
ENCED BY THE STRENGTH OF THE MAGNET. 



Bv CHARLES R. CROSS, S.B„ 



> ARTHUR S. WILLIAMS, S.B.* 



It is a well-known fact in practice, as well as an evident consequence 
of theoretical considerations, that the effectiveness of a magneto-tele- 
phone when used either as a transmitter or as a receiver varies with the 
strength of the magnetism of the core. But the relation of the one to 
the other has never been studied, so far as we are aware. 

Our investigations include a study of the changes in strength of the 
current produced by a magneto-transmitter under varying conditions of 
magnetization, and of the magnitude of the momentary changes in the 
magnetic condition of the core of the receiving telephone when sub- 
jected to the action of undulatory or other brief currents, as influenced 
by the strength of the primitive permanent magnetization of the core. 
The present paper contains only the results of a series of experiments 
relating to the first of these, that is, to the effect of varying strength 
in the magnet of the transmitter; the study of the allied problem of 
the receiver being still in progress. 

The apparatus employed consisted of a cylindrical bar of soft iron 
about 4i inches in length and J of an inch in diameter, around one end 
of which was placed a coil of fine wire similar to that used in ordinary 
telephonic practice. The resistance of this coi! was loo ohms. It was 
placed in circuit with a ballistic mirror galvanometer, from whose deflec- 
tion the momentary current produced in the coil by any variation in the 
strength of the core could be determined. The diaphragm, which was 
in all cases 2yj inches in diameter, was in its usual place opposite the 
end of the magnet about which the wire coil was wound, and about yjj 
of an inch from that end. By means of a rod carrying a cam moved by 
a weight, a rapid inward push of definite amount was given to the dia- 
phragm, thereby inducing a current iij the coil already referred to, and 
so deflecting the needle of the ballistic galvanometer. The soft iron 
bar was also surrounded by a second helLx, through which was passed a 
current from a storage battery, ser\'ing to magnetize the core. A tan- 

* Raul >l a meeling uf the Amnican Academy of Arts and Sciences, Nov. 14, 1S88. 
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gent galvanometer inserted in this circuit gave the strength of the mag- 
netizing current. A magnetometer placed in the prolongation of the 
axis of the core, which last occupied an east and west position, made 
known the relative strengths of the field produced by the core under 
different conditions of magnetization. 

Corresponding observations of the magnetometer reading, and of the 
current induced when the diaphragm was moved by the cam, were made 
throughout a widely varying range of strength of field, and the results 
were represented graphically by constructing a series of curves in which 
ordinates represent the relative strength of field, and abscissas the cur- 
rent due to a given predetermined throw of the diaphragm (about yj^ of 
an inch), as ascertained from the readings of the ballistic galvanometer. 

One of these curves 
is shown at i. Figure i, 
the core in this case 
being a cylindrical bar 
of Norway iron 4^ inches 
long and \ of an inch ip 
diameter, and the dia- 
phragm an ordinary disk 
of ferrotype iron 2^ 
inches in diameter and 
T^ of an inch thick 
(No. 31 B. W. G.). 

Table I. gives the 
data from which Figure 
I was constructed. The 
strength of field is given 
in terms of the tangents 
of the angles of deflec- 
tion of the magnetome- 
ter needle. The induced 
current is given in ar- 
bitrary units, as only relative values are needed. A determination 
of the value of the deflections was made by observing the excursion 
due to the discharge of a condenser through the ballistic galvanometer, 
and it was found that the abscissa 100 on the curves corresponds to a 
sudden discharge of approximately o.oocxxx)97 of a coulomb through 
the coils of the galvanometer. 




FERROTYPE IRON. 



Fig. I. 
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Coke, Norway Iron. 

SncBgtb of Induced 
FkU. CuRcal. 



-DUFURACIM, 1 

Stnncth ol 



.164 



' Fkrrotvpk Iron, No. ; 
Cield. 



Cores of Bessemer steel and of untempered soft steel were also used, 
with results given in Tables II. and III, 



Core, Bessemer Steel. - 

SlrenEih ot Induced 
FicTd. Cumiii. 



14.8 



F Fkrkotvpb Iron, No. 31. 

Slmath of Indu 



.7.8 
16,7 



Table III. 
Core, Untempered .Soft Steel. — Diaphragm, Disk o 

SDaEtb of Induced 
Field. CuiRol. 



16.S 



Fbrrotvpe Iroi 



An examination of Figure i. as well as of the various curves follow- 
ing it, will show that the effect of increasing the strength of the magnet 
of the transmitter is in all cases to cause at first a rather rapid increase 
of the strength of the induced current, which later increases less rapidly, 
rising soon to a maximum value, from which it falls off, at first rapidlj, 
and afterwards more and more slowly as the strength of the field is 
further increased. We proceed to consider the explanation of these 
results. 

It is evident that three distinct sources of variation exist to affect 
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the current furnished by a magneto-transmitter as the strength of the 
magnet is increased. First, the direct effect of the increased strength 
of field in which the diaphragm moves is to increase proportionally the 
strength of the induced current, since it increases correspondingly the 
rate of change in the number of Hnes of force enclosed by the coil of 
the instrument ; second, an approach toward saturation of the maj^net 
so far as it alone is concerned, will tend to diminish the induced current 
on account of the smaller variation in the strength of the pole due to a 
given motion of the diaphragm ; and, third, the nearer approach toward 
saturation of the diaphragm will have the same tendency. 

The rapid rise in the induced current at the beginning is of course 
due to the predominating influence of the increasing strength of the 
field in which the diaphragm moves, as both core and diaphragm are 
then but slightly magnetized. The subsequent changes in the current 
must be explained by a consideration of the increasing magnetization 
of either the core or the diaphragm, or both. 

It will be seen by comparing Tables I., II., and III., that the value 
of the maximum induced current for a given excursion of the diaphragm 
is approximately the same with all the three cores used, and that the 
same is true as to the strength of field corresponding to this maxi- 
mum current. Moreover, saturation curves constructed for the several 
cores showed that in all cases the magnet was still very far removed 
even from half-saturation when the maximum induced current was 
obtained. From these facts it appears that the degree of saturation of 
the magnet is practically unimportant, so far as the general results 
shown in Figure i are concerned. 

It remains to observe the part played by the increasing magnetiza- 
tion of the diaphragm. Other things remaining the same, as this ap- 
proaches more and more closely towards saturatitin the increase in the 
number of lines of force passing between it and the magnet on the 
approach of the diaphragm to the magnet must become smaller and 
smaller, and this change will tend to oppose the effect of the increased 
absolute strength of the magnetizing force. The small mass of the 
diaphragm will evidently cause it to show the effect of an approach to 
saturation while the core is far below that condition. And such an 
action will clearly explain the observed changes in the current strength. 

In order to te.st this matter still further, the experiment was tried of 
varying the mass and material of the diaphragm. 

The results are shown by the curves in Figures i, 2, and 3, which 
are constructed from the data given in Tables I. to X. ; further results 
of the same character are given in Tables XI. and XII. 
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Strength of 
Field. 


Induced 
Current. 


.016 


50 


.054 


>9.3 


.070 


25.7 


.081 


28.5 


.089 


30.2 


•>o3 


350 


.119 


38.5 


.133 


40.7 



Table 


IV. 


HRAGM, Two SUPERPOSED 


Strength of 
Field. 


Induced 
Current. 


.144 


42.7 


•>55 


45-7 


.169 


47.0 


.184 


49-3 


.205 


50.2 


.229 


48.0 


.266 


40.3 



Strength of 
FieM. 


Indnoed 
Current. 


.306 


31.8 


.342 


27.7 


433 


16.7 


•530 


1 1.9 


.667 


8.3 


.830 


7.0 


I4>i8 


S'O 



«ngth of 
Field. 


Induced 
Current. 


.000 


0.5 


.018 


3-2 


.047 


8.0 


.079 
.084 
.096 


14.2 

"4.7 
17.0 


.110 
.118 


19.7 
21.8 


>35 
.151 


255 

28.3 


.>75 


33.0 



vngth of 
Field. 


Induced 
Current. 


• • • 


0.3 


.016 


3.1 


.058 


137 


.082 


20.3 


.102 


25.2 


.125 


31.2 


.150 


37.8 


.178 


45-5 


.213 


547 


.249 


63.8 



Table 


V. 


HRAGM, Three si'i 


'ERPOSEJ 


Strength of 
Fidd. 


Induced 
Current. 


•213 


39.0 


.249 


46.3 


.277 


49.8 


.313 


55-3 


.329 


58.7 


.346 


59.7 


.366 


60.7 


.390 


61.3 


416 


63.0 


445 


62.3 


Table VI. 


AY Iron. — Diaphragm, S 


Strength of 
Field. 


Induced 
Current. 


.296 


75-5 


.348 


86.2 


.378 


92.3 


.416 


967 


437 


97.8 


456 


967 


477 


94.0 


499 


92.5 


.521 


90.5 


.536 


88.3 



Strength oi 
Field. 


Induced 




479 


6ix> 


.514 


58.5 


.550 


557 


591 


524 


.637 


48.7 


.659 


47.3 


.765 


417 


.854 


36.7 


.983 


jao 


1.180 


22.8 



Stfength 01 
Fidd. 


Induced 




•573 


86.7 


.584 


84JO 


.637 


81.0 


.675 


76.7 


724 


72.3 


.784 


69.3 


.851 


65.6 


.949 


573 


Ijo6i 


49.1 
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SdacDiaf 

r«Td. 


Induced 


SuoiBth of Induced 


S^^uC 


Induced ^^^H 


Ciirrtnl. 


r«ld. Cumol. 


Cu.».i. ^^H 




'■7 


.262 73.Z 


■54" 


74-7 ^^H 


J3l8 


4.7 


.292 81.3 




S66 


^^H 


•047 


11.7 


.313 87.7 




601 


67.7 ^^H 


.075 


19,7 


.J42 92.7 




635 


64-0 ^^H 




08S 


W.3 


•37* 94-3 




659 


^^^1 




100 


36x> 


.4>o 94.2 




7»9 


^H 




"3 


3a-5 


431 gax) 




779 


^^H 




146 


39-S 


45^ 88.3 




85. 


^H 




iji 


48.2 


473 85.0 




946 


^^H 




194 


54.2 


.494 81.2 


1 


072 


39.3 ^^^1 




lis 


61.3 


.516 77.5 


1 


091 


^H 




240 


66.9 








^^ 


Table VIII. 


^1 


^^r 


Core, Norway Iron. — Diapukacm, Sheet Iron, No. 23. 


^^1 


s»^or 


iSS 


Sirmnh of Induced 


"TJS" 


ClHTEOL ^^H 




'■7 


.216 S64 


4*0 


^^H 


X)t6 


l&O 




229 9Q.O 


■458 


^^H 


.068 


26.8 




242 96.3 


■499 


^^H 


.086 


33-0 




2SS .01.8 


■5*9 


^H 


■096 


390 




272 109.3 


.582 


^^H 


.116 


47.0 




289 ..3-8 


.652 


^^H 


.139 


56.3 




310 119.3 


•7S' 


^^1 


.161 


65.8 




339 "8.6 


.904 


>3-7 ^^H 


.176 


7*-3 




382 ..4.. 


I.OtI 


^^H 


■194 


78-3 






^H 




Table IX. 


^1 


Core, Norway Ibos. — Diaphkagm, Steel, No. 26, UNTfiMPEttBD 


^^1 


S^^j... 


Induwl 
Cumrn. 


Sinntlh of Induced 


s^^or 


ciuiUi. ^^^1 


x»* 


7-7 


.200 60.3 


423 


^^H 


.019 


"S 




"7 64.3 


483 


^^H 


-OS4 


ao.S 




236 67.0 


■530 


^^H 


*9S 


32.2 




281 66.7 


.584 


35-3 ^^H 


.105 


34-5 




2^1 63,8 


.652 


^^H 


.ti8 


42.0 




342 604 


.810 


^^H 


■'S3 


48.3 




380 S6.3 


1.043 


343 ^^^1 


.178 


5S.7 






J 
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Table X. 

CoR£, Norway Iron. — Diaphragm, Steel, No. 26, Tempered. 



Fidd. 


Induced 
Current. 


J0O2 


7^8 


X)i9 

.068 


104 
18.5 


.096 

.128 


23.8 
30.3 


.151 

.180 


32.4 
37.0 



Strength of 
Field. 

214 
246 
272 

304 

344 
400 

u|66 



Induced 
Current. 

40.2 
40.0 

39.5 
379 
36.3 
32X) 
26.9 



Strength of 
Fidd. 


Induced 
Curreat. 


•545 
.642 

.662 


21.7 

17.7 
17.3 


•732 
.816 


15.2 
13.8 


.854 • 


13^ 


1.025 


IOjO 



Table XI. 

Core, Norway Iron. -^ Diaphrac;m, Steel, No. 22, Untempered. 



Strength of 
Fidd. 


Induced 
Current. 


.007 


6.2 


.023 


8.0 


.070 


i7-3 


.103 


23.0 


.121 


264 


.139 


3o^i 


•157 


32.8 



Strength of 
Field. 

.176 
.202 
.224 
.246 
.272 
.302 
•340 



Induced 
Current. 

35-0 
37-1 
34.9 
37-0 
36.7 
34.8 

33.0 





Induced 


Fidd. 


Current. 


•392 


29.7 


458 


26.3 


•538 


23.2 


.566 


23.0 


.647 


21.7 


•773 


19.8 


1.046 


17.6 



Table XII. 

Core, Norway Iron. — Diaphragm, Steel, No. 30, Tempered. 



Strength of 
Fidd. 


Induced 
Current. 


.007 


6.2 


.023 


8x> 


.070 


»73 


.103 


23X) 


.121 


264 


.139 


30.1 


•»57 


32.8 



Strength of 
Fidd. 

.176 
.202 
.224 
.246 
.272 
.302 
.340 



Induced 
Current. 

35-0 

37.1 

• • • 

37-0 
36.7 
34^8 
33.0 



Strength of 


Induced 


Fidd. 




•392 


29-7 


458 


26.3 


•538 


23.2 


.566 


23X> 


.647 


21.^ 


•773 


19.8 


1.046 


17.6 



Table XIII. 

Core, Norway Iron. — Diaphragm, Steel, No. 30, Untempered. 

Strength of Induced 
Field. 



Strength of 
Field. 


Induced 
Current. 


.005 

•031 
X>82 


5.2 
II.7 
24.2 


.103 

•130 

.160 


29.7 

37-7 
41.9 



.200 

•231 

.272 

•331 
•376 

•437 



Current. 

38.3 
36.2 

35-2 
31.2 

28.9 
26.0 



Strength of 


Induced 
Currenu 


.512 


23.3 


.632 


204 


.735 


>9.7 


.819 


\%JO 


.956 


16.3 



.sag.] 



Strength of Induced Currents. 



271 



Curve 2, Figure i, represents the results when two of the ordinary- 
ferrotype diaphragms were superposed, forming a diaphragm of double 
thickness, and Curve 3 of the same figure shows the results when three 
such diaphragms were superposed. Each diaphragm was o.oi of an 
inch thick. The curves of Figure 2, marked 21. 22, 23, respectively, 
show the results of 'similar experiments with diaphragms of sheet iron 
whose thickness was 0.030, 0.027, 0.024 of an inch, respectively (Nos. 
21, 22, 23, B. W. G.). Figure 3 shows the results when a steel dia- 
phragm 0.017 of an inch thick (No. 26) was used, the curve U being 
that for untempered steel, and T that for tempered steel. Steel dia- 
phragms respectively 0.026 and 0,012 of an inch thick (Nos. 22 and 30) 
gave similar results, as will be seen from Tables XI., XII., and XIII, 

An inspection of these curves shows immediately that the greater 
the strength of the field required to saturate the diaphragm, the greater 
is the strength of the field at which the maximum current occurs. 
Thus in Figure i the maximum current with Curve 1 corresponds to a 
strength of field of about 12 units of the scale used, while with Curves 
2 and 3 the corresponding strengths of field are 20 and 43 units respec- 
tively. Also in Figure 2 the maximum currents wi!l be seen to cor- 
respond to greater strengths of field in proportion to the thickness of 
the diaphragm, and in Figure 3 similar though less marked results hold 
for tempered as compared with untempered steel of the same thickness. 

It would also be expected that the value of the maximum current 
would be greater with a thick than with a thin diaphragm. This was 
usually the case in our experiments. Thus the Curves 1, 2, 3, of Fig- 
ure 1 give maximum currents of 27.5, 50.3, and 62.6 units respectively. 
Results of a similar nature are shown by Figure 3, the maximum cur- 
rent with the untempered diaphragm being far greater than with the 
tempered one. Curve No, 23 of Figure 2 is apparently an exception. 
It is probable, however, that this is in appearance only, and that the 
three curves of that figure are nut strictly comparable with one another. 
The rigidity of the diaphragms here used, especially of the thicker ones, 
is considerable, and any slight yielding of the supports of the rod which 
carried the cam would prevent the actual throw of the diaphragm from 
being as great when this had. considerable thickness, and would greatly 
diminish the strength of the current produced. 

The peculiarity of Curve 2 as compared with i and 3 is probably 
caused by tlie want of both magnetic and mechanical continuity in the 
material of the multiple plate formed by the several diaphragms used. 

In those cases where steel diaphragms were employed, there was 
^ways a notable induced current, even when the reading of the mage- 
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tometer was zero. This was probably due to a slight residual magnetiza- 
tion of the diaphragms. 

The results stated in this paper may serve to explain a phenomenon 
which has seemed somewhat obscure. Frequent attempts have been 
made to increase the efficiency of a magneto-transmitter by polarizing 
the diaphragm as well as the magnet, a common way of doing this being 
to employ a horseshoe magnet one leg of which is in contact with the 
edge of the diaphragm, while the other, about which the coil is wound, 
is placed in its usual position opposite the centre. But as a general 
rule little or no gain has seemed to result therefrom, so far as can be 
judged by the performance of such instruments in actual practice. It 
is quite probable in this case that the increased approach to saturation 
of the diaphragm may have so great an effect as entirely to prevent 
the expected improvement. 

It will also be seen from our results, that an increase in the thickness 
of the diaphragm of a magneto-transmitter tends to allow of the use of 
a stronger magnet, and for a given amplitude of vibration to produce a 
stronger current. But it must be remembered, on the other hand, that 
the greater rigidity of the* thick diaphragm will diminish this range of 
vibration under the action of the voice, a difficulty which may to a 
certain extent be remedied by using a diaphragm of large diameter. 

Rogers Laboratory of Physics, 
October, 1888. 
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NOTE ON THE EFFICIENCY OF SMALL ELECTRO- 
MOTORS. 

W. E. II. CLIFFORD, S.B. 

Some results of efficiency tests on small motors, which I published in I 
the Technology Quarterly for September, 18S7, have been very un- 
favorably criticised by Professors Ayrtoii and Perry in the Philosophical 
Magazine for July, 1888. Through an apparent misunderstanding of 
my tables, they assert that the motors were not ran at the potential 
differences and currents for which they were wound, and hence that the 
results "are not only valueless, but are most misleading." 

Undoubtedly, their mistake arises from accepting the potential dif- 
ferences and currents given in Table I. as the maximum values, or 
nearly so, at which the motors were run. A glance at Table II. will 
show, however, that in the typical series especially selected for iilustra- 
tion-of the effect of varying speed, the number of watts supplied to the 
motor was largely in excess of the number for maximum efficiency, 
while a comparison of Tables I. and III, shows that so far as the out- 
put of the motors is concerned, the experiments were by no means con- 
fined to a limited range. 

At the time the tests were carried on, very little information could be 
obtained as to the proper conditions under which most of the motors 
tested (including the Ayrton and Perry motor) were to be run. Con- 
sequently a large range of potential differences and currents was used, 
the speed also being varied between wide limits. In the case of the 
Model Edison Dynamo, which was selected as illustrating the relation 
of speed and efficiency, and which was known to be wound for 100 volts 
and 0.8 of an ampere, the range of C, E.M.F. and speed was not so 
great as with the other machines tested. Professors Ayrton and Perry 
base their assertion on the results of the tests upon their own motor, 
which, they state, was supplied with less than one-quarter of the power 
at which it was intended to ran. 

The facts of the case are that the Ayrton and Perry motor used was 
the one tested at the International Electrical Exhibition of the Franklin 
Institute at Philadelphia, in 1884, where, with a sf)eed of 1500 revolu- 
tions a minute, an efficiency of 28.5 per cent was obtained as against an 
efficiency of 38.4 per cent with a speed of 83 1 revolutions a minute 
found by us. 
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In our tests it was supplied with as many as 400 watts and run 
at as great a speed as ijoo revolutions per minute. It is possible 
that the Ayrton and Perry motor of the type tested was designed to 
utilize four times the power at which it was found to give its maximum 
efficiency, but it is certain that the especial motor tested could not by 
any possibility have been run under such conditions in practice, or indeed 
run continuously for more than a few minutes, without rapidly destroy- 
ing it, since intolerable heating of the armature and most damaging 
sparking at the commutator would have resulted. The conditions for 
maximum efficiency which we found, however, were those given in 
Table I., and the maximum output is that given in Table III. 

It is of course understood that in the tests the motors were not 
habitually run with heating of the machine, or sparking at the commu- 
tator, greater than would be compatible with practical use ; but in eveiy 
case the motor was tested for maximum output. 

Bearing the facts stated in mind, it is clear that the range of the 
tests was in every case great enough to include the proper conditions 
for the individual motor tested. 

The results given in my article are wholly those obtained by students, 
and are unquestionably subject to the defects incident to such work, but 
they are nevertheless trustworthy within the limits claimed, and I think 
also of some interest in view of the great paucity of published results 
relating to motors of the class under discussion. 
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ON THE DETERMINATION OF THE ORGANIC NITROGEN 
IN NATURAL WATERS BY THE KJELDAHL METHOD. 

Bv THOMAS M. DROWN, M,D., and HENRY MARTIN. S.B. 

The justification for the almost universal practice of determining 
the organic nitrogen in waters in the form of aibuniinoid ammonia is to be 
found in the great simplicity of the Wanklyn process. The amount of 
nitrogen obtained in the form of ammonia by the action of alkaline per- 
manganate on nitrogenous organic matter in water bears no known 
relation to the total nitrogen present, and chemists report widely differ- 
ing results in consequence of differing practice. In the case of color- 
less waters, with small amount of organic matter, the differences are 
not usually great, but in most surface waters, with considerable organic 
matter in suspension and solution, the results often differ fifty or one 
hundred per cent. Some water analysts stop the distillation for albu- 
minoid ammonia when 150 c.c, have distilled over; others continue until 
250 c.c. are obtained, and again, others strive to get all the ammonia 
they can by the addition of more alkaline permanganate, or by replacing 
the water which has distilled over. 

There can be no doubt that the determination of the total organic 
nitrogen would be generally practised in place of the determination of 
the albuminoid ammonia, if there was available a short, easily executed, 
and accurate method for this purpose. 

As the result of a very large number of experiments with the Kjel- 
dahl nitrogen process, we think it may be safely said, that this method 
leaves little, if anything, to be desired in these respects. 

The modifications of the process, as usually practised, to adapt it to 
the determination of organic nitrogen in waters, are in the direction of 
its simplification. Thus, the amount of organic matter in water is 
ordinarily so very small that the use of solid potassium permanganate 
for the final and complete oxidation of the organic matter is probably 
never necessary. In most of the analyses which we have made, we have 
continued to use it as a matter of precaution, but in the comparative 
experiments, with and without its use, the results have not differed. 
The volumetric determination of the ammonia by titration with very 
dilute standard acid was found to be less accurate and less convenient 
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roan the Nessloriration of the distillate, in the usual method employed 
^ water analvsis. Further, the same flask is used for both the diges> 
:: n and the distillation. 

Professor W. R. Nichols experimented with the Kjeldahl process for 
*_!< determination of the nitrogen in sewage with satisfactory results,* 
*.-: the process has not yet, far as we know, been used in regular water 

i-i'ysis. 

The examination is conducted as follows : 500 c.c. of the water 

* 'xiured into a round-bottom flask, of about gcx) c.c. capacity, and 
Sailed until 2CX) c.c. have been distilled oflf. The "free ammonia" 
mhich is thus expelled may, if desired, be determined by connecting 
the flask with a condenser. To the remaining water in the flask is 
added, after cooling, 10 c.c. of pure concentrated sulphuric acid.f 
After shaking, the flask is placed in an inclined position on wire gauze, 
on a ring-stand, or other convenient support, and boiled cautiously, in a 
<rood-drawing hood, until all the water is driven oflf and the concentrated 
sulphuric acid is white or a very pale yellow. The flask is then removed 
from the flame, and a very little powdered potassium permanganate added 
until, on shaking, the liquid acquires a green color, showing that an 
excess of the permanganate has been added. Should the color be 
piiq)le instead of green, it shows that the water has not all been driven 
off. After cooling, 200 c.c. of water free from ammonia are added, the 
neck of the flask being washed free from acid, and then 100 c.c. of so- 
dium hydrate J solution. The flask is immediately connected with the 
condenser, and then shaken to mix the contents. 

The distillation at the start is conducted rather slowly, and the first 
50 c.c. are condensed in very dilute hydrochloric acid.§ The contents 
of the flask may then be boiled more rapidly until 150 c.c. to 175 c.c. 
have altogether been collected. The total distillate is made up to 250 
c.c. with water free from ammonia, well mixed, and 50 c.c. taken for 
Ncsslerization. No serious difficulty has been encountered from bump- 
ing when boiling the alkaline solution. The use of metallic zinc in the 

* Franklin Institute Journal, August, 1885. 

t It is necessary to have for this purpose sulphuric acid which is very nearly, if not quite, 
free from nitrogen in any form. Baker & Adamson, of Easton, Penn., make an acid for this 
purpose which contains only .05 milligram of ammonia in 10 c.c. 

X 'I'he sodium hydrate solution is made by dissolving 200 grams of commercial caustic soda 
of good ({uality in 1.25 litres of distilled water, adding two grams of potassium permanganate 
and I Killing down to somewhat less than a litre. Wlien cold, the solution is made up to a litre. 
The addition of the permanganate is to oxidize any organic matter which may be present in the 
caustic soda. 

§ This acid should he free from ammonia: I c.c. of the acid is equivalent to 0.5 milligram 
(»f aiwniDnia. 
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flask to facilitate the boiling is, of course, inadmissible, on account of 
the reduction of nitrates and nitrites, should they be present, to am- 
monia. 

Any efficient condensing arrangement may be used for the collection 
of the ammonia. We have used with great satisfaction the condenser 
devised by Prof. S. W, Johnson, of the Connecticut Agricultural Exper- 
iment Statiun, which is described in Bulletin No. 12, of the United 
States Department of Agriculture, Division of Chemistry. It consists 
of a copper tank, 20 inches high, 32 inches long, 3 inches across the 
bottom, widening to 6 inches at the top. The tank is provided with an 
adequate supply of running water, entering at the bottom, and accommo- 
dates 6 or 7 block-tin condensing-tubes three-eighth inch internal diam- 
eter, which enter the tank through holes in the front side near the top, 
above the level of the overflow, and pass down vertically through the tank 
and out through rubber stoppers tightly fitted into holes in the bottom. 
They project about 2 inches below the tank, and are connected by 
means of rubber tubes to straight glass calcium-chloride tubes with a 
bulb at the upper end. These glass tubes dip into 250 c,c. flasks which 
receive the distillate. The distilling-flasks are connected with the tin 
condensing-tubes, by means of rubber stoppers which carry a bulbed- 
glass tube bent at right angles. This tube and its rubber stopper 
remain permanently connected with the tin tube. 

The flasks rest on iron rings, and are heated with the free flame of a 
Bunsen burner. They should be carefully selected as to size and height, 
and the fixtures should be so arranged that all parts are interchange- 
able. There is then never any difficulty in putting the flasks promptly 
into place and connecting them with the condenser. 

It is a good plan to have flasks, partly filled with water free from am- 
monia, connected with the condensing-tubes when not in use. 

Before beginning a determination, the water in the flask is boiled 
until the distillate shows, on Nesslerization, that the apparatus is com- 
pletely free from ammonia. Into the flask which receives the distillate 
there is put j c.c. of the dilute hydrochloric acid and 50 c.c. of water. 
The delivery tube dips into this liquid only during the collection of the 
first 50 c.c. of the distillate. The flask is then lowered so that the lube 
remains above the liquid for the remaining time of the distillation. 

In carrying out the operation, the most scrupulous care must be ob- 
served in preventing access of ammonia from any source. The acid 
solutions will absorb ammonia from the air of the laboratory or from the 
dust of the room if they are allowed to remain uncovered for any length 
of time. This source of error has been found at times to be very large ; 
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ftOMMlgb to render a determination valueless. One experiment gave 
■ (lUI of aminonia in twenty hours, by leaving the flask which contained 
1 COQcentrated sulphuric acid uncovered, equivalent 0.5 c.c. of the 
\ ammonium chloride solution, and at another time the gain was 

JCC 

The operation should, therefore, be carried out without interruption, 
aad for every determination, or set of determinations, a blank analysis 
with ammonia-free water should be made for a correction for the am- 
monia in the reagents and that accidentally introduced in the process. 
We have not found that the presence of nitrates and nitrites in waters 
interferes with the accurate determination of the organic nitrogen. 
The error which has been found by Kjeldahl and Warrington " to be 
nusud by nitrates in the determination of organic nitrogen seems to 
disappear under the conditions of great dilution which we have ia 
natural waters. 

The following experiments bear on this point : — 
1500 c.c. standard ammonium chloride solution (—15 milligrams NHg) 
and 10 c.c. of standard potassium nitrite solution (= i milligram N) 
were boiled with 10 c.c. of sulphuric acid, and the vapors condensed. 
This distillate contained only 0.15 milligram nitrogen as ammonia and 
nitrous acid. The residue in the flask was made alkaline and distilled, 
and the ammonia obtained was precisely the amount taken ; namely, 
Ijcx) c.c. The experiment was repeated, using a nitrate in place of the 
nitrite, and under the same conditions the 1500 c.c. of ammonia were 
recovered. 

When a smaller amount of ammonia was used, we still failed to ob- 
serve any loss. Thus when 10 c.c. standard ammonium chloride solution 
and 10 c.c. potassium nitrite solution (=0.1 milligram N) were treated 
as above, there was obtained ammonia equivalent to 10.5 c.c. Another 
experiment with the same quantities gave precisely lo c.c. of ammonia 
regained. With potassium nitrate instead of nitrite, in the same pro- 
portions as in the foregoing experiment, 10,5 c.c. of ammonia were 
obtained. 

The attempt to collect all the nitrous and nitric acids in the distillate 
was unsuccessful. The flask and condenser were connected by ground 
joints, so that the distillation could be continued after the sulphuric was 
concentrated. Owing, probably, to the shape of the flask, the acids 
were condensed, in part, in the neck of the flask, for after a second and 
a third addition of water and a renewal of the distillation more nitrous 
and nitric acids were obtained in the distillate. To see whether there 
• Cheinical News, 52, p. 161. 
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was any loss of ammonia from ammonium sulphate in presence of sul- 
phurous acid from the action of sulphuric acid on carbonaceous matter, 
the following experiments were tried: lo c.c. of standard ammonium 
chloride solution were treated with lo c.c. of sulphuric acid and a 
weighed amount of Swedish filter paper. Deducting for the nitrogen 
in the paper, determined in a blank analysis, 10.5 c.c. of ammonia were 
obtained. In a duplicate experiment the ammonia obtained was 10 cc, — 
precisely the amount taken. In still another experiment with 50 c.c. of 
standard ammonium chloride solution and filter pap'er, 51 c.c. were 
obtained. 

No attempt has been made to compare, as regard the results obtained, 
the above-described method of determining the organic nitrogen with 
the combustion method of Frankland and Armstrong. But the follow- 
ing experiments on very dilute solutions of organic substances of known 
composition may serve to confirm the accuracy of the method. 

One hundred milligrams of pure crystals of urea were dissolved in 
one litre of water free from ammonia. Ten cubic centimetres of this 
solution were added to 500 c.c. of water and the analysis conducted as 
above described. There was obtained 0.494 milligram, the theoretical 
amount being 0.466. In a duplicate experiment no solid potassium per- 
manganate was added to complete the oxidation, and the result was 0.486 
milligram. 

A solution of uric acid in dilute potassium hydrate was made of the 
same strength as the urea, and ro c.c. taken for analysis. There was 
found 0.326 milligram of nitrogen; required, 0,333 milligram. In a 
duplicate experiment without the permanganate — precisely the same 
amount was obtained. 

A solution of naphthylamine, 100 milligrams to the litre, was dis- 
solved by the aid of dilute hydrochloric acid. An analysis of 10 c.c. 
gave 0.0S2 milligram nitrogen; required, 0.097. Here, again, the result 
obtained by the omission of the permanganate agreed precisely with the 
determination in which the permanganate was used. 

The following scries of experiments made on a sample of Cochituate 
water shows the very close agreement of results in the determination of 
organic nitrogen under varying conditions. From a large bottle of water 
freshly drawn from the tap, were taken five portions of 500 c.c. each. 

The first portion was treated by the usual method, already described. 

The second portion was treated like the first, except that the addition 
of solid permanganate was omitted. 

The third portion received 10 c.c. of standard potassium nitrate solu- 
tion, equivalent to o.i milligram of nitrogen. 
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The fourth portion received i c.c. of potassium nitrite solution, equiv- 
alent to o.oi milligram of nitrogen. 

The fifth portion contained ten times the amount of potassium nitrite 
as the fourth portion, or o. i milligram. 

The third, fourth, and fifth portions were treated in all respects like 
the first portion. 

The results, expressed in organic nitrogen, parts per icx),cxx), were : — 

No. I. No. 2. No. 3. No. 4. No. 5. 

0.0354 0.0354 0.0354 0.0365 0.0365 

It may be of interest to give a few of the results obtained in the de- 
termination of the organic nitrogen by this method in natural waters in 
comparison with the results obtained as albuminoid ammonia. In the 
table following will be found the analyses of some Massachusetts waters 
during three successive months, June, July, and August, 1888. 

In the first column is a record of the color, based on a comparison 
with the Nesslerization of a known amount of ammonium chloride. 
Thus a color i, means that the water possessed a color corresponding in 
depth and tint to i c.c. of standard ammonium chloride solution 
(=.00001 gr. NHg) when Nesslerized; a color of 2 is twice the depth 
of color, and o.i is one-tenth the color of i. In the second column is 
the albuminoid ammonia obtained by the adding 40 c.c. of alkaline per- 
manganate to the water in the flask, after boiling off 150 c.c. for free 
ammonia, and then distilling over 250 c.c. In the third column is the 
organic nitrogen determined by the Kjeldahl process, converted into 
ammonia to make the figures comparable with the second column. All 
the determinations were made on the waters filtered through paper in 
the laboratory. 
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Niiiogen 
»lculj..ed iii 




CalcuJiIed u ^^H 










Arlington, Reservoir — 




Clmtun, Nashua Rivet — 




June . . .8 .0256 


.0560 


June . . ,1 ,0072 


^H 


Jul)' . . .3 .0274 


,0560 


July . . .2 />I44 


^H 


Boslon Supply, Buin 4 — 




August , .2 .0124 


^^H 


June , . 1.0 ,0126 


.0470 


Kitchburg, Reservoif — 


^1 


July . . .7 .0134 


.0400 


Jufe . - .. .0.24 


^H 


August . .9 .0254 


.0460 


July , - ,. .0:58 


,0340 ^H 


Boslon Supply, Basin 2 — 




August . .1 .0146 


^ ■ 


June . . M 0350 


.0590 


Creat BartingloD, Housatonic River— ^^^| 


July . . 1.3- .0294 


.0450 


June . . .< .0.22 


^330 ^H 


August . .85 -02j4 


.0440 


July . - .1 


^H 


BoslQn Supply, Basin 3 — 




August . .0134 


^^H 


June . . 1.9 .0392 


.0790 


Nashua. MerrimK Rivet — 


^^1 


July . . 1.7 .0336 


.0540 


June . . 4 .0120 


•ojw ^^1 


August . .8 ^278 


.0590 


July . . .2 ^132 


.0290 ^H 


Boilon Supply. Lake Cochitua 




August . .2 J>loG 


.0290 ^^^1 


June . . .35 owe 


.0420 


Lowell. Metritntc Rivet - 


^^1 


Jul)- . . .;o x>i92 


.0390 


June . . .30 ^142 


^^^1 


August . .10 .0196 


.0420 


July . . .10 .0148 


^^1 


Boston Supply, Mysltc Lake — 




August . .25 ai34 


^^H 


June . . .» .025* 


.0590 


Haverhill, Meninuic Rivet- 


^^^1 


July . . .10 .0244 


.0560 


June . . 40 "164 


at490 ^^H 


August . ,is .021a 


/J420 


July . . .20 .0170 


.0420 ^^H 


Bridgewater, Taunton Rivet- 




August . .20 XH63 


0348 ^^1 


June . . 2.3 .0248 


.0530 


Uke Wionepesaukee — 


^^^1 


July . . 1.0 .0210 


.0440 


June . . .0 JJ090 


^^^1 


August . .7 .02I2 


^390 


July . . .0 .0082 


^^H 


Brockton, Resenoir — 




August . a .0080 


.0200 ^^H 


June . .9 .0234 


.0570 


Hyde Pntk, NeponKi River- 


^^1 


July . . .9 .0260 


.0490 


June . . .6 .0286 


^^H 


August . .7 .0310 


.o6to 


July . . .8 .0432 




Brookline, Chatles River- 




Lynn, Bitch Pond- 


^^1 


June . . ..M .032.. 


.0520 


June . . 45 XH94 


^^H 


July . . .60 .0216 


.0470 


July . . -35 .0216 


■0410 ^^H 


Aogost . 45 .020S 


^380 


August . .25 .0174 


■0410 ^^^1 


Cambritlge, Freih Pond — 




Maiden, Spot Pond- 


^^1 


June . . .20 .0162 


.0370 


June . . .3 .0216 


.0440 ^^1 


July . . .15 ,0170 


,0390 


July . . .2 .0.98 


a:m ^^1 


August . .0 .0172 


/J390 


August . .2 .0216 


■0390 ^H 
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Organic 



*-«• CcOor. AJISrS" 


Nitrogen 
calculated as 


Water. Color. ^£S^I!* 


Nitrogen 
calculated a 




Ammonia. 




Ammonia. 


Montague, Connecticut' River — 




August {-^5 ^198 
1. 10 x)ao6 


x>390 


June . . .15 .0120 


.0220 


x>37a 


July . . .20 .0118 


.0250 


Wayland, Reservoir — 




Springfield, Connecticut River — 




June . .1.5 .0272 


.059a 


June . . 4 .0132 


X>390 


July . . .9 x>364 


JOI&60 


July . . .15 .0146 


JO32O 


August . 4 •0244 


.0540 


August . .15 .0170 


.0380 


Whitman, Hobart's Pond — 




New Bedford, Acushnet River — 




June . .1.7 X5538 


.099a 


June . . 2.3 .0296 


.0540 


July . . 1.5 .0426 


.0990 


July . .1.8 .0278 


.0540. 


August . .9 .0342 


.0740 


Northboro, Assabet River — 




Wihnington, Shawsheen River — 




June . . .7 .0192 


.0490 


June . . .8 .0242 


• .0640 


July . . 4 .0216 


.0380 


July . . .15 , .0114 


.0370 


August . 4 -0174 


.0410 


August .1.00 .0316 


.0570 


Salem, Wenham Lake — 




Wobum, Horn Pond — 




June . . .10 .0132 


.0320 


June . . .35 .02^ 


.0570 


July . . .05 .0118 


X>290 


July . . .25 .0324 


•0590 


August . .00 .0130 


.0260 


August . .10 J0240 


.0440 


Springfield, Ludlow Reservoir — 




Worcester, Blackstone River — 




June . .{'"^ -^"^ 
1 .20 .0214 


x>46o 


June . . — '0350 


.1350 


x>44D 


July . . — .0440 


.1550 


July . . .10 J0220 


.0420 


August . — x>830 


.3800 



\i7.»** Albuminmd 

^*^' Ammonia. 

Brookline, Filter Gallery — 

June 0046 

July 0046 

August .... xx)42 

Newton, Filter Gallery — 

June 0044 

July .0072 

August .... .0052 

Revere, Wells — 

June .0018 

July .0034 

August 0018 



II. Ground Waters. 
{Without Color,) 



Organic 

Nitrogen 

as Ammonia. 



.0190 
.0220 

x)i70 



.0190 
.0160 
.0100 



.0034 

xx>7o 
.0100 



Water. 



Altnmmund 
Ammonia. 



Revere, Reservoir — 

June .0034 

July .0046 

August 0060 

Waltham, Filter Gallery — 

June 0030 

July 0050 

August .... .0056 

Waltham, Reservoir — 

June 0042 

July 0042 

August 0060 



Nitrogen 
8 Ammonia. 



.0130 
.0150 
X>190 



.0170 
.0160 

^150 



.0230 
.0180 
JOI60 



It will be noted that the organic nitrogen in the surface waters is 
in general about double the albuminoid ammonia. The average of all 
the analyses of the waters given above is 0.0214 for the albuminoid 
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ammoma, and 0.0476 for the organic nitrogen. In the ground waters 
the relation of the albuminoid ammonia to the organic nitrogen is still 
less. Too much importance must not, however, be given to this relation 
in the case of the ground waters, for it is probable that the figures given 
for the organic nitrogen are all a little high, owing to the fact that 
ail of the sources of error were not fully known when most of the 
analyses were made. The proportional excess in case of the surface 
waters is believed to be insignificant, but with the .smaller content of 
nitrogen in the ground waters the error is perhaps proportionately large. 

Hassachuseits Institute of Tecknology, 
Februnry, 1889, 
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THE NARROW GAUGE RAILWAY VERSUS THE 

STANDARD GAUGE • 

By stejiro FUKUZAWA. 

During the early stage of railway operations in England, a great 
controversy arose among engineers as to the best gauge to be adopted 
for railways. Accustomed to the old tramway gauge of 4 feet i\ inches, 
George Stephenson believed that it " was most economical in construc- 
tion, not only as regarded the engines and carriages, but more particu- 
larly of the railway itself.*' Accordingly it was adopted on the Stock- 
ton and Darlington Railway, and most of the other eajfjy railways of 
England. But since this gauge was not the result of technical inves- 
tigations, but originated, as is well known, entirely by chance, it was 
natural that many engineers were not satisfied with it. They thought 
that it was too narrow, and advocated gauges of 5 feet, 5 feet 3 inches, 
and 7 feet. These broader gauges were adopted on several railways, 
including the Great Western, which was built with a gauge of 7 feet. 
But a great majority of the railways were built with the original gauge 
of 4 feet 8^ inches. The contest of the gauges continued for several 
years. At last, in 1846, it was practically settled by the passage of an 
act fixing the gauge of 4 feet 8^ inches on all the railways in England 
and Scotland, except the Great Western Railway. Thus, in spite of the 
severe opposition of many engineers, 4 feet 8J inches became the stand- 
ard gauge of England, while in Ireland, 5 feet 3 inches was adopted 
as the standard. In the United States and Canada, also, several rail- 
ways were built at first with broad gauges ; but most of them were 
subsequently relaid to the standard gauge of 4 feet 8^ inches. The 
same was true in most of the continental countries in Europe ; and thus 
the gauge of 4 feet 8J inches became the all but universal gauge of the 
railway. 

The failure of the broader gauges led to the opposite extreme. It 
was reasoned that because broader gauges were less economical than 
the standard gauge, therefore narrower gauges must be more econom- 
ical than the standard. In 1870 Robert F. Fairlie read a paper before 
the British Association, at Liverpool, in which he strongly condemned 

• A graduating thesis in the department of civil engineering. May, 1888. 
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what he considered the needless extravagance of the standard gauge, 
and most emphatically assured great economy in both construction and 
operation, that would result from the adoption of narrower gauges, 
ranging from about 3 feet 6 inches down to about 2 feet 6 inches. He 
saitl : — 

" Every inch added to the width of a gauge beyond what is absolutely 
necessary for the traffic, adds to the cost of construction, increases the 
proportion of dead weight, increases the cost of working, and in conse- 
quence increases the tariffs to the public, and by so much reduces the 
useful effect of the railway." He undertook to show that if the gauge 
of the London and North-Western Railway had been 3 feet instead of 
4 feet 8^ inches, its goods traffic could have been hauled at half the 
then existing cost. 

At the time when Fairlie read his paper, all the railway companies 
in Great Britain were in a very poor financial condition, most of 
them paying small dividends or none at all. Fairlie attributed this fact 
to the unnecessary width of the standard gauge; and he did not have 
much trouble in making the public agree with him on this point. The 
narrow gauge mania spread quickly over all England. Nor were other 
countries in Europe and America wanting in enthusiastic followers of 
" the narrow gauge apostle." In Belgium, France, Italy, Switzerland, 
Russia, Norway, Austria, and Germany, narrow gauge railways were 
built more or less extensively. In India, the metre gauge was adopted 
by the government. In the United States, the first line of narrow 
gauge railway ever built, was the Denver and Rio Grande, opened to 
traffic in 1871, Narrow gauge advocates in the United States, like 
those in all other countries, were extremely enthusiastic, claiming all 
sorts of advantages for the narrow gauge ; and many were sure that the 
3-feet gauge would become the standard gauge in the future. 

But they were greatly mistaken on that point ; for in none of the 
countries in the world that have a large railway mileage, has the length 
of narrow gauge railways ever become more than a small per cent of 
the total length of railways. In the following table it will be seen that 
in this country narrow gauge railways constituted in 1886 only 9.2 per 
cent of the total mileage. Since that time several large narrow gauge 
lines have been relaid to the standard gauge, so that at present the per- 
centage is, in all probability, considerably less than 9.2 per cent. Be- 
sides this, 9.2 per cent represents simply mileage. If we take into 
account the amount of traffic that passes over the lines, we shall cer- 
tainly find that the business done by the narrow gauge railways is but 
a very small portion — much less than 9.2 per cent — of the total busi- 
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ness done by all the railways ; since nearly all the narrow gauge railways 
in America are short secondary lines with but small traffic. 

Table showing Mileage of Narrow Gauge Railways in the 

United States at Different Periods. 



Ybaks. 


Mileage of Narrow 
Gauge Railways. 


Total Mileage of 
Railwajrs* 


Percentage of Narrow 

Gauge to Total 

Mileage. 


Beginning 187 1 

1872 

1873 

1874 

1875 

1876 ...:... 

1878 

" 1880 

1884 

12S05 •• • 

1886 

July, 1886 

1 



179 
629 

1,184 
2,003 

2,588 
3.082 

5.605 

10,772 

",324 
11,858 

12,116 



60,951 
68,291 

72.»74 
74»»99 
75.760 

80,419 

87,801 

121,382 

« 25.379 
128,579 

130,334 




0.3 
0.9 

1.6 

2.7 
3-4 
3.8 
64 
8.9 
9.0 
9.2 
9.2 



As in America, the narrow gauge system has failed of success in 
almost all other countries. The Railroad Gasette gives the railway 
gauges in the various countries of the world in 1887 as follows : — 



EUROPE. 



Germany . . . 
Austria . . . . 
Switzerland . . . 
France .... 

Italy 

Denmark . . . 
The Netherlands . 
England . . . . 
Roumania . . . 
Turkey . . . . 
Ireland . . . . 

Spain 

Portugal .... 
Russia .... 
Sweden . . . . 



• • 



• • • 



In these ten countries the principal lines have adopted the 
> standard gauge of 4 feet 8i inches. Lines with a gauge 
differing from the above are comparatively few. 



Norway . . 



• • 



The standard gauge is 5 feet 3 inches. 

The standard gauge is 5 feet 6 inches. 

The standard gauge is 5 feet 6 inches. 

The standard gauge is 5 feet. 

About four-fifths of the whole mileage has a gauge of 

4 feet 8j inches. For the balance six different and 

smaller gauges are in use. 
About two-fifths of the mileage is laid to 4 feet 8V inches 

gauge, the other three-fifths to 3 feet 6 inches gauge. 
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ASIA. 

British India About two-thirds of the mileage is laid to 5 feet 6 inches 

gauge, the rest with Ave different gauge!< varying from 
2 to 4 feel. 
The Rtissian Trans-Cau- 
casian Railways . . . The standard gauge is 5 feet 

Island of Java About four-fifths of the mileage is laid 10 3 feet 6 inches 

gauge, and the balance to 4 feet 81 inches gauge. 
Japan The standard gauge is 3 feet 6 incljes. 

AFRICA. 

Egypt The standard gauge is 4 feet 8j inches. 

Algeria and Tunis . . . The standard gauge is 4 feet SJ inches. There are 150 

miles of 3 feel 7.I inches gauge. 
The English Cape Colonies The standard gauge is 3 feet 6 inches. 

AUSTRALIA. 

New South Wales . . . The standard gauge is 4 feet Sj inches. 

Victoria Tlie standard gauge is 5 feet 3 inches. 

South Australia .... Gauges of 5 feet 3 inches and 3 feet 5 inches are adopted. 

The Railroad Gazette says : " Of the total length of railroads in the 
world, about 74 per cent is standard gauge (4 feet 8^ inches), including 
the American differential gauge; 12 per cent wider gauge, and 14 per 
cent smaller gauge." 

The failure of narrow gauge railways to compete with those of stand- 
ard gauge is, it must be remembered, largely due to the great inconven- 
ience of trans-shipping goods at connecting points. Where there is 
already a large mileage of railways having a certain gauge, it is next to 
impossible to introduce any other gauge with success, unless the new 
gauge has some extraordinary merits of its own. Trans-shipment of 
goods from one car to another, implies additional labor, loss of time, 
loss due to keeping cars standing idle, and damages to goods during 
trans-shipment. These items add largely to the total cost of transpor- 
tation per mile, especially when the haul is short. Hence, the mere fact 
that the narrow gauge is gradually giving way before the steady growth 
of the 4 feet 8j inches gauge, does not necessarily prove that the latter 
is the more economical. In considering the comparative advantages of 
the narrow gauge and the standard gauge, it is therefore essential that 
we should entirely disregard the question of the break of gauge. 

In order that our comparison may be fair, it is further necessary that 
we should assume the requirements in regard to the speed, the fre- 
quency, the volume, and the nature of the traffic to be hauled, and the 
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features of the country in which the line is located to be the same in 
both cases. It is customary for narrow gauge enthusiasts to compare light 
narrow gauge railways with heavy standard gauge rtiilways, and to arrive 
at the final conclusion that no standard gauge railways could be con- 
structed and operated as cheaply as narrow gauge railways. Of course, 
such an argument has no value whatever. 

Keeping these conditions for a fair comparison in our mind, let us 
now examine the various advantages claimed for the narrow gauge. 

The first is the reduction in cost of construction, owing to the 
smaller width of roadway in embankments and cuts. That there is some 
saving from this source is evident. The question is : How much } 
Now, the only reason for reducing the width of roadway in the narrow 
gauge railway is because the distance between the two rails is less than 
in the standard gauge railway. Hence, we cannot properly reduce the 
width of roadway more than we reduce the gauge. Suppose the width 
of roadway on embankment for the standard gauge to be 14 feet, then 
the corresponding width for the 3 feet gauge will be 14'— (4. '7— 3')= 
12.3 feet. In a level fill with a centre height of 10 feet, the reduction 



/4* 



xP> 




of the area of the section, and consequently of the amount of earth- 

1.7 X 10 



work, in the narrow gauge is 



= 5-9 per cent. We can 



14 X lo-f 15 X 10 

easily see from the figure, that the greater the centre height, the less is 
the percentage of reduction. Thus with a centre height of 30 feet the 
earthwork is reduced by only 2.9 per cent. Following is a table show- 
ing percentages of reduction of earthwork for various roadbeds and 
centre heights, due to a reduction of the gauge from 4 feet 8| inches to 
3 feet. 
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Table showing Percentage of Reduction of Earthwork for 
Different Roadbeds and Centre Heights when Gauge is 

REDUCED FROM 4 FeET 8| InCHES TO 3 FeET. 





Width of Roadbed for 4 Feci SI Inches Gauge. 


c»™h . 


14' 


13' 


11' 


„. 1 „. 


9' 


Fat. 
i 

3 

4 

' s 

•}....: 

8 

9 

14 

16 

18 

» 

*5 

y> . ' ■ . . 

35 

40 


Vaoua, 
II.S 
10.9 

9.1 
8.5 

7-9 
7-4 
6.9 
6.S 
6.2 
5-9 
i-l 
4-9 
4-5 

« 

2.9 

a.S 
»3 


12^ 
11.7 
10.6 
9.8 
8-9 
8.3 
7-7 

7'2 

6.8 
6-1 
6.1 
5-S 
S-o 
4.6 
4.3 
4-0 
3-3 
a-9 
i.6 
S.3 


Percsu. 
•3-3 

ii.6 

II.3 
10.3 

9-4 

8.7 

8.1 

7-S 
7-1 
6-7 
6-3 
5-7 
5-» 
4-7 
4-4 
4-0 
34 
3-0 
1.6 
»-4 


14-S 
13.6 

9-2 

8.5 
7-9 
7-4 
6.9 
6-S 
5-9 

5-2 

49 

4-4 
4-1 
3-5 
3-0 

'■7 
14 


ftrnait. 
IS.8 
14.8 
>3-« 
II.7 
■0.6 

97 
8,9 
8-3 
7-7 
7-2 
6.8 
6.1 
55 
5.0 
4.6 

J-6 
3' 
2.7 

*4 


FaoHU. 
'7-4 
16.3 
14.3 

13.6 

9-4 
8-7 
8,1 



The amount of reduction of earthwork in cuts is about the same as 
in fills. The presence of ditches, however, which makes the necessary 
width of roadway a little greater, somewhat decreases the percentage of 
saving. 

Since the rate of reduction decreases as the centre height increases, 
the economy of the narrow gauge on this point is greatest when there 
are long stretches of light cuts and fills. But as a rule, in such cases, 
the total amount of earthwork will be small. Hence it follows that the 
greater the total quantity of earthwork, the less the percentage of saving 
in earthwork accomplished by reducing the gauge. 

For the same reason that the quantity of earthwork is reduced, that 
of masonry in bridge abutments may be reduced, and in about the same 
proportion, by the reduction of gauge. 

The length of culverts, boxes, and pipes will be less for the narrow 
gauge than for the standard gauge. Here again the percentage of re- 



292 



Slejii 



' FukuL 



[F^ 



duction is less, the greater the height of cmhanktnent. Assuming the 
height of culvert as 5 feet, the saving of material in a 1 5 feet embankment, 

with the standard gauge roadbed of 14 feet, will be - , ■ ■ = 3.0 per 

^ '' ^ • 14+ 15x2 ^^ ^ 

cent, if we neglect masonry in wing walls, which will considerably 

diminish the above percentage of saving. 

As to ballast, rails, ties, bridges, and trestle works, they must be pro- 
portioned according to the weight of the trains that pass over them. 
These will therefore be referred to after the rolling stock has been 
considered. 

It is claimed that cars of a given capacity can be built lighter % 
more cheaply for the narrow gauge than for the standard gauge railway}* 
and that, therefore, to haul a given amount of traffic, lighter engines arc 
needed on the former than on the latter. Fairlio says in his address : 
" The dead weight of trains conveying either passengers or goods is in 
direct proportion to the gauge on which they run ; or, in other words, 
the proportion of non-paying to paying weight (so far as this is inde- 
pendent of management) is increased exactly as the rails are further 
apart ; because a ton of materials disposed upon a narrow gauge is 
stronger as regards its carrying power than the same weight when 
spread over a wider basis." The truth is, however, that there is no 
such advantage in narrow gauge cars. If the transverse beams of 
the narrow gauge car are reduced in length, the longitudinal beams 
must be increased in length, if the capacity of the car is to remain 
the same. In fact, so far as the weight of the, car-body alone is con- 
cerned, the advantage is rather on the side of the standard gauge. Of 
two quadrilaterals of a given area, the one which is the nearer in shape 
to a square has the smaller perimeter; hence the horizontal section of 
the standard gauge car, which, with the same capacity, is wider and 
shorter than the narrow gauge car, is more nearly square, and therefore 
the walls contain less material than those of the narrow gauge car. As 
to the weight of the trucks, it is slightly less for the narrow gauge. 
owing to the shortening of the transverse pieces, such as the axles 
and bolsters. The load and the weight of the car-body remaining 
the same, the wheels, journals, bearings, springs and longitudinal 
side beams cannot properly be reduced in strength or weight 
simply because the gauge is narrower. Thus we see that the weight 
of only a few minor parts of the car is affected by the width of gauge. 
The amount by which the weight of these parts is reduced in conse- 
quence of the reduction of the gauge from 4 feet S| inches to 3 feet will 
not probably be as much as one per cent of the total weight of the car,^ 
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It may here be added that any car-body that can be placed on narrow 
gauge trucks can be placed on standard gauge trucks with even greater 
safety. Hence the difference of weight between narrow gauge and 
standard gauge cars, if there be any, should not be assumed greater 
than that which exists in trucks. 

If the weight of a car is the same for both gauges, the locomotive 
that hauls a train loaded with the same amount of goods must have the 
same tractive force, and therefore the same weight, whether the gauge 
is 4 feet %\ inches or 3 feet. 

In regard to the cost of rolling stock, there is absolutely no gain in 
narrowing the gauge. It takes just as much time and labor to construct 
a car of a given capacity for the narrow gauge as for the standard 
gauge. The difference, if there be any, lies entirely in the quantity of 
material, which cannot affect the cost to any perceptible extent. The 
same is true with regard to locomotives. Locomotives of the same 
weight cannot be built any more cheaply for the 3 feet gauge than for 
the 4 feet 8t inches gauge. This is shown by the following table, 
taken from Wellington's " Economic Theory of Railway Location " : — 
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Comparative Cost per Ton of Various Sizes of Engines for 

Broad and Narrow Gauge. 

American Type — Standard Gauge. 



Mogul Type — Standard Gauge. 



CONSOUDATION TyPE — STANDARD GaUGE. 



Cyukdbrs. 


Weight (Nbt Ton). 


Cost. 




Total. 


On Driver*. 


Engine. 


Tender. 


Per Ton on Drivers. 


12X22 


24. 


15- 


35.750 


^950 


3385 


13x24 


27- 


18. 


6,000 


1,000 


333 


14x24 


29.5 


"9.5 


6,230 


1,050 


321 


15X24 


32.5 


22. 


6,500 


1,100 


295 


16x24 


36. 


245 


6,750 


1,150 


276 


17x24 


38. 


255 


7,000 


1,200 


275 


18x24 


41. 


27.5 


7»250 


1,250 


264 



16X24 


37- 


32.5 


37.250 


31,150 


3223 


17X24 


39- 


34.5 


7.500 


1,200 


217 


18x24 


42. 


37. 


7.750 


1,300 


209 


19X24 


45. 


40. 


8,000 


1.350 


200 



20x24 

21 X 24 



53. 

59- 



46. 
52. 



39.250 
9,750 



31,400 
MOO 



3201 

188 



American Type — Narrow Gauge. 



10x16 


16.5 


II. 


34,750 


3750 


3432 


11x16 


18. 


12. 


5.000 


775 


417 


12 X 16 


»9.5 


13. 


5.250 


800 


404 


13 X 16 


22.5 


15-5 


5»5oo 


850 


355 


14x16 


24- 


16.5 


5.750 


900 


357 



Mo<;UL Tv'PE — Narrow GAU(iE 



II X 16 


»7-5 


14.5 


35,250 


j^8oo 


3362 


12x16 


20. 


16.5 


5.500 


850 


334 


13 X 16 


23- 


195 


5.750 


900 


295 


14 X 16 


25- 


21.5 


6,000 


950 


278 


15x16 


28. 


24.5 


6,250 


1,000 


255 



Consolidation Type — Narrow Gauge. 
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Narroiv Gauge \-s. Standard Gauge. 



Since the weight of a train is thus the same for both gauges, it 
follows that the rails, spikes, frogs, etc.> must have the same size and 
strength in both cases. The size of cross-ties may be different ; for 
the stiffness of a tie increases as the distance between the two rails is 
reduced. Considering the tie as an inverted beam uniformly loaded and 
supported at the points under each rail, we can see that its stiffness varies 
directly as the cube of its depth, and inversely as the cube of the distance 
between the two rails, approximately. Hence if a thickness of 6 inches 
is required for the standard gauge tie, the thickness required for the 

narrow gauge tie of the same stiffness is v — ■ — - - - = 3.83 inches. But 

4-7 
in determining the size of cross-ties there is another element which we 
must take into account, namely, the bearing surface. If the tie were 
perfectly stiff, the weight /"on the 
wheels would be uniformly dis- 
tributed over the area AB, and 
the intensity of pressure on the _ 

^^ In that Jr 



I 1: 



ballast would be — 



\AB 



4 



.Lj! 



case the tie for the narrow gauge 
railway should have the same bear- 
ing area as that for the standard 
gauge railway. But in practice 
the tie is not perfectly rigid, and ^^ ? 

the greatest pressure occurs di- *' -''"'"-,,--' 

rectly under the rails. Therefore, 
. if we diminish the gauge, and cut off both ends of the tie, the effect 
may be, within a certain limit, chiefly to increase the pressure near the 
middle of the tie ; and though the average pressure per unit of area is 
increased, the ma.ximiim pressure possibly remains nearly the same. 
Hence cross-ties for the narrow gauge may, perhaps, be made some- 
what shorter than those for the standard gauge, though it is impossible 
to tell just how much. If they are loo short, not only is the pressure 
per square inch increased, but the stiffness is decreased, on account of 
the increase of pressure near the middle. It must also be remembered 
that any reduction of the length of ties diminishes the stability of the 
track, and consequently increases the track labor required. According 
to the Railroad Ga::etle, the dimensions of cross-ties on different nar- 
row gauge railways of America in 1878 were as shown in the following 
table : — 
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Dimensions of Ties. 


No. of Railroads 
using them. 


Dimensions of Ties. 

• 


No. of Railroads 
inBf>fl> them. 


4" X 6" 


4' 6" long . . . 




6" X 8" 6' long 


8 


4" X 6" 


5' 










7" X 7" 6' 


2 


5" X 6" 


5' 4" " 










()X() 6' 3" 


I 


5" X 7" 


5' 6" " 










6" X 8" - 5" X 6" 6 6" •• 


a 


5" X 8" 


5' 6" " 










()X() 7' 


I 


4" X r 


6' " . 










5" X 8" d' 


I* 


5" X 6" 


6' " . 










5" X 6" 6' 


I* 


5" X 7" 


6' 










( ) X ( ) 6* 6" 


I* 


6" X 6" 


6' 










6" X 7" 7' 


2* 


5" X 8" 


6' " . 










6" X 8" / 6" 


I* 


6" X 7" 


6' " . 










5" X 6" 7' 8" 


!♦ 



* 3* 6" gauge; all the others 3' gauge. 

The cross-ties being shorter, the width of the ballast may be reduced 
But its thickness should not be reduced for the obvious reason that 
the requirements in regard to the solidity of the track and facility of 
drainage are not affeqted by a change in the gauge. Sup^se the 
ballast to be one foot thick, and sloped away from the ends of the ties 
at the rate of i^ to i ; then, by reducing the gauge from 4 feet 
8^ inches to 3 feet, and with it the length of the ties from 8 feet to 

6 feet 6 inches, the material for ballast is diminished by ,^ ' — r = 

^ (8+1.5) 
16 per cent. 

As to bridges, if the loads remain the same, no saving of material in 
the main trusses will result from the reduction of the gauge. Besides, 
it is a fact that the cost of constructing a bridge is very little affected 
by a slight difference in the loads that pass over it. The only advan- 
tage, therefore, that can be claimed for the nanaw gauge on this point 
is that the car-body being narrower than on the standard gauge the 
distance between two trusses in through bridges may be reduced, and 
that on this account there will be saving of material in floor beams. 
But it is evident that this saving will be scarcely worth considering. 
Besides, it is entirely practicable to place a narrow gauge car-body on 
standard gauge trucks. If that is done, the width of bridges need no 
longer "be made greater for the 4 feet 8^ inches gauge than for the 3 feet 
gauge, and the only advantage of the narrow gauge in regard to bridge 
disappears. On the other hand, there is a positive economy on the pa? 
of the standard gauge, because of the fact that the maximum mome? 
in any beam supported at two ends decreases as the loads are plac 
further from the middle. Let P be the weight that falls on the fl( 
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beam under each rail. Then for the 4 feet SJ inches gauge the maximum 

moment in the floor beam is /" X 3.65 = 3.65/*. For the 3 feet gauge 

the maximum moment is /' X 4.5 = 4.5/*. Thus the maximum moment 

in the floor beam for the 4 feet 8^ inches 

gauge is but four-fifths of that for the 3 F ^ F 

feet gauge, supposing the stringers to be 

directly beneath the rails. At all events 

it is certain that, with the same loads, 

there is no advantage in the narrow gauge 

in regard to the cost of bridges ; and the ' 

same remark applies to trestle works. 

It is claimed Chat curve resistance is 
much less on narrow gauge railways than 

on standard gauge railways ; in fact, this V 1 '-i «J • 

is considered by many narrow gauge ad- -P " 

vocates as the chief advantage of their 

system. Let us inquire why and how much the curve resistance is 
reduced if the gauge is made narrower. Resistance due to curvature 
arises from three causes ; namely, the pressure of flange against rail, 
the slipping of wheel laterally, and the slipping of wheel longitudinally. 
Of these three elements of resistance the first two are independent of 
the gauge. Therefore we have to consider only the longitudinal slipping 
of wheels. 

On any curve, the outside rail being longer than the inside one, it is 
evident that when a train is running around it either the outside wheels 
of the cars have to slip forward, or the inside wheels have to slip back- 
ward. It does not matter which actually takes place. We will here 
suppose that only the outside wheels slip. The distance through which 
the wheels slip while the car travels completely around a circle will be 
4.7 X 2 7r in the standard gauge, and j'x stt in the narrow gauge. The 
sHpping of wheels while the car travels loo feet of one-degree curve 
will be 

4. '7 X 2ir -s- 360 = .oSa feet for the standard gauge, 
3' X 2^-1-360= .05a feet for the narrow gauge. 

Supposing the coefficient of friction to be \, we have train resistance 
per ton of the weight on the wheels that slip as follows : — 

aooo X i X '■ = .410 lbs., for standard gauge, 

aocw X i X !^ = .260 lbs., for narrow gauge. 
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Since only one-half of the total weight of the car rests on the outside 
wheels, resistance per ton of the total weight of the car is : — 

.410 X ^ = .205 lbs., for standard gauge, 
.260 X i= .130 lbs., for narrow gauge. 

For a two-degree curve the resistance will be double the resistance for 
a one-degree curve, for a three-degree curve, three times, and so on for 
any other curve. The average total resistance due to a one-degree curve, 
for the standard gauge, being about one pound per ton, the proportion 
that the curve resistance is reduced by narrowing the gauge from 4 feet 

8i inches to 3 feet is '■ — - — -^ = 7-5 per cent of the total curve resist- 
ance. If we take into account the total train resistance, including 
rolling friction, this difference in curve resistance becomes a very 
trifling matter. This may be made clear by the following table, show- 
ing the comparative resistance of trains on different curves and grades, 
for the standard gauge and for the narrow gauge. Train resistance on 
a tangent is taken as 8 pounds per ton, and is considered to increase by 
I pound per ton for each degree of curve up to a 10® curve, above 
which it is considered to increase by i pound per ton for each degree 
of curve. 
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Table Showing Resistance in Lbs. per Ton for Different ^^| 




Curves and Grades. 


. ■ 


1 ~ 




D(g[« of Curre. 


1 


} Gnde 








a. 


0" 


_J° 1 »° 


8" 


V 


B° 


8" 


^^1 


1 _ 


s 


N 


S 


N . S 


N 


S 


N 


l_ 


N 


s 


N 


S 


N 


S 


■ 




8 


8 


9 


8,92] 10 


9.85 


~ 


10.77 


12 


tl.70 


"3 


■ 2,62 


4 


'3 55 


»5 


14-47 ^^1 










10.92] 12 


II. 85 


'3 


12.77 




■3-70; 15 


14.62 


16 


15 




'7 


^H 








'3 


12.9a 


14 


13-85 


'5 


■4-77 


16 


■5-70, 17 


16.62 


18 


17 




19 


'8.47 ^H 


0-3 




14 


'5 


14,92 


16 


15.85 


17 


16.77 


18 


17-70! 19 


18,62 




■9 






^H 


0-4 


16 


16 


"7 


.6.92 


iS 


'7-85 


'9 


■8-77 




19.70 




20.6a 








23 


^H 


"■5 


l& 


)8 


'9 


18,92 




.9.85 




20.77 22 


21.70 


23 


22.62 


^ 


23 




=5 


^H 


0.6 








20,93 




21,85 


23 


22.77 


24 


23.70 


25 


14.62 


26 


25 




*7 


26-47 ^H 


07 






n 


22.92 


24 


23-85 


25 


2477 


26 


25-70 


27 


26.62 


28 


27 




29 


^H 


0-8 


24 


24 


»5 


24.9* 


26 


25.85 


27 


26.77 


28 


27.70 


29 


28.62 


30 


29 




31 


30-47 ^H 


0.9 


26 


26 


27 




28 


27.S5 


29 


28.77 


30 


29.70 


31 


30.G2 


32 


3' 




33 


32't7 ^^1 




?8 


28 


29 


a8!92 


30 


29.35 


3" 


30.77 


32 


3^-7o 


33 


32.62 


3J 


33 




35 


^H 




30 


30 


31 


30.92 


32 


31-85 


11 


32.77 


34 


33-70 


35 


34-62 


3^ 


35 




37 


^H 




32 


32 


ii 


31.92 


34 


33-85 


35 


34-77 


36 


35-70 


37 


36.62 


38 


37 




39 


3847 ^H 


'■3 


34 


34 


35 


34-92 


36 


35-85 


37 


36.77 


38 


37-70 


39 


38.62 


40 


39 




4' 


40.47 ^H 


M 


3& 


36 


37 


36.92 


38 


3785 


39 


38.77 


40 


39-70| 41 


40.62 


42 


41 




43 


■^^m 


'■1 


38 


38 


39 


38.92 


40 


39-85 


41 


40.77 


42 


4l-70| 43 


42.6a 


44 


43 




45 


44-47 ^H 


1.6 


40 


40 


41 


40,9a 


42 


41.85 


43 


42.77 


44 


43-70 45 


44.62 


■*! 


45 




47 


4647 ^H 


\i 


4* 


41 


43 


42.92 


44 


43-S5 


45 


44-77 


46 


45-70, 47 


46.6a 


48 


47 




49 


^H 


44 


44 


45 


44-92 


46 


45-85 


47 


46,77 


48 


47-70 49 


48.6a 


50 


49 




5' 


^H 


1.9 


46 


46 


47 


46.92 


48 


47-85 


49 


48.77 


50 


49-70 5- 


50,62 


52 


5" 




53 


^H 





48 


48 


49 


48.92 


5° 


49.85 


S' 


50-77 


52 


5 ■■70 53 


5a,6a 


54 


53-55 


55 


54-47 ^^H 


Cmh 


Dcgitt of Cutn. ^^^1 


dS. 


8" 


V 


10° 


10= 


.90° 


as" 


vop 


^^1 




S 


N 


s 


N 


s 


X 


~r 


N 


v 


N 


s 


N 


~ 


N 


1~ 


3 ■ 





16 


■5-40 


'7 


16.32 


iS 


17.25 


ao.s 


19.37 


23 


21-5 


25-5 


23.6a 


28 


25-75 


30-5 


^H 




IS 


17-40 


19 


18.32 




19 


25 


22.5 


21-37 


25 


23.5 


37.5 


25.62 


30 


27 


75 


32.5 


H 






19.40 




20.3a 






25 


24-5 


23-37 


27 


25-5 


29-5 


27.63 


32 


29 


75 


34.5 


^1 


0-3 




21,40 


'3 


22.32 


24 


23 


25 


26.S 


25-37 


29 


27.5 


3'-5 


29.6a 


34 


31 


75 


36.S 


^H 


o^ 


»4 


2340 


as 


24-32 


36 


25 


25 


28,5 


27-37 


31 


29-s 


33 5 


31.6a 


^t 


33 


75 


38.5 


^1 


' 0.5 


26 


25.40 


27 


26.32 


aS 


27 


25 


30-5 


29-37 


33 


31-5 


35-5 


33-62 


38 


35 


75 


405 


^B 




28 


27.40 


29 


23.32 


30 


29 


25 


32-5 


3'-37 


35 


33-5 


37-5 


35-62 


40 


37 


75 


42-5I 39-87 ^H 


11 


30 


19.40 


3" 


30.32 


32 


3" 


25 


34-5 


33-37 


37 


35-5 


39-S 


37-62 


42 


39 


75 


44-5 41-87 ^H 


32 


31,40 


33 


323^ 


34 


11 


25 


36.5 


35-37 


39 


37-5 


41-5 


39-62 


44 


41 


75 


46.5 


^m 


0.9 


34 


33-4° 


35 


34-32 


36 


35 


25 


38. 


37-37 




39.5 ,43-5 


41.62 


46 


43 


75 


48-5 


^B 




36 


35-40 


37 


36-32 


38 


37 


25 


40.5 


39-37 


43 


41-S 45-5 


43.62 


48 


45 


75 


50.5 


^B 




38 


37-40 


39 


33.32 


40 


39 


25 


42- 


41-37 


45 


43-5 47-5 


45-62 


50 


47 


75 


52-5 


H 




40 


39-40 


41 


40.3a 


42 


4" 


25 


44-5 


43-37 


47 


45-5 149-5 


47.62 


52 


49 


75 


545 


^B 


'■3 


43 


41.40 


43 


42-32 


44 


43 


25 


46.S 


45-37 


49 


47-S!5'-5 


49-62 


5i 


5' 


75 


56.5 


^H 


M 


44 


43-40 


45 


4432 


46 


45 


25 


48.5 


47-37 


5« 


49.5 53-5 


SI. 6a 


s^ 


53 


75 


58.5 


^B 


'■5 


46 


45-40 


47 


46,3a 


48 


47 


25 


■50-5 


49-37 


53 


5'-S 55-5 


53-62 


58 


55 


75 


60.5 


^B 


1.6 


48 


47.40 


49 


48.32 


50 


49 


25 


52-S 


51-37 


55 


53-5 57-5 


55-62 


60 


57 


75 


62.5 


^B 


'i 


50 


49-40 


5' 


5032 


52 


5' 


25 


54-5 


53-37 


57 


55-5 59-5 


57-62 


62 


P 


75 


^■5 


■ 


1.8 


52 


SI. 40 


53 


52-32 


54 


53 


25 


56-5 


55-37 


59 


57-5 61.5 59-62 
59-5 63,5 61.62 


64 


61 


75 


66.5 


^H 


1.9 


54 


53-40 


55 


54-32 56 


55 


as 


58.5 


57-37 


61 


66 


63 


75 


68.5 


^B 




56 


SS-40 


57 


56.32 58 1 57.25 


60.5 


59-37 


63 


61.5 65.5 63.62 


68 


6575 


70-5 


■ 
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The table shows that the effect of the gauge on curve resistance 
is very small, scarcely worth being considered. Let us, however, 
examine what the consequence of this little increase in curve resistance 
will be, 1st. The amount of fuel required to haul a given traffic will be 
increased. 2d, The wear and tear of rails and wheels will be increased. 
3d. The maximum train load must be diminished on account of this 
extra resistance. Of these three effects the first two are so insignificant 
that we may entirely neglect them. It is only in the case of the sharpest 
curves, which limit the train load, that we have to consider the difference 
of curve resistance between the two gauges ; that is, if we are going to 
consider it all. Even in that case it is not curve resistance alone that is 
to be taken into consideration, but it is curve resistance combined with 
grade resistance. On such roads as the New York Central the train 
load is limited by the maximum curve alone ; but this is rather an ex- 
ceptional case, and as a rule the train load is limited by the combination 
of curve and grade at the same point, which cau,ses the maximum resist- 
ance. If the maximum curve happens to come at the same place with 
some heavy grade, it is practicable, in nine cases out of ten, to keep the 
total resistance at that place equal to that due the maximum grade alone, 
by reducing the grade on the curve. As we have seen above, the differ- 
ence of resistance per degree of curve between the standard and the 
narrow gauge is .075 lbs. per ton, which is equal to the resistance due 
to a .004 per cent grade. Hence, in order to make resistance on the 
standard gauge equal to that on the narrow gauge, we have only to 
reduce the grade by .004 per cent for every degree of curve. To do 
this will not require much outlay even when the curve is very sharp. 

Reduction of work and material in excavating and lining tunnels is 
often brought forward as an advantage of the narrow gauge. But if, as 
has been suggested above, wc place the narrow gauge car-body on 
standard gauge trucks, then tunnels need no longer be wider or higher 
for the standard than for the narrow gauge railroad. Moreover, what- 
ever saving there is on this point cannot have much importance, for the 
cost of tunnels does not generally constitute a large item in the cost of 
construction of a railway ; and even when it does, it varies far less than 
in proportion to the width and height of the tunnels. 

Saving in the cost of right of way on the narrow gauge railway is so 
small an item that it is not worth while to consider it here. 

From the preceding it can be seen that there are really no great 
advantages in reducing the gauge, the only advantagi;, in fact, being 
some small reduction in the cost of earthwork, ballast, ties, and masonry. 
In order to get at some idea as to how many dollars this reduction 
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amounts to, the following estimate is given of the comparative cost of ^^| 
construction of a railway in Japan, with the 3 feet 5 inches gauge and ^H 
with the standard gauge. The original estimate for the gauge of 3 feet ^^k 
6 inches was made by a Japanese engineer. The line is about 32 miles ^H 
long. ^H 


,»». 


Com. 


Puccnnge «r Id- 




S in 


(1,357.50 

32.380.00 

71,700.00 
9,000.00 

600.00 
990.00 
JS.940-00 
42,500.00 
17.875.00 
217,030.00 

■ 5;620.oo 
650.0Q 

2,000.00 

23,650.00 
40,000.00 

5,000.00 
15,000.00 

5,000.00 

10,000.00 

170/300.00 

6450.00 
50,000,00 


Unaffected, 

S per cent. 
8 ■' 
8 " 
Unaffected. 

8 pet cent. 
16 " 
Unaffected. 

25 pet cent, 
Unaffected. 


{2,017.60 

5,740.80 
720.00 

3,4«i.oo 


Superinlending the worlts , . . 

Right of way 

Cuts 

Fills 

Retaining waUa 

Changing cQUTse of ruai!s . . . 

Cbanging course of streams . . . 

Road crossings 

Fences 

1 Bridges 

1 Cdverla, boies, »nd pipes , . . 

BalUM 

Rails, spikes, etc 

Switches and dogs 

Cross-ties (at 12 ccnis) .... 

Mile-pDsls, signal posts, etc. . . . 

Track laying 

1 Machine shops 

Tiansporlitig materials .... 
Train cxpcnm (in consiruction) . 

Machines 

Rolling stock 

Salaries, office expenses, etc. , . 




$844,322.50 




«i8.64340 


Increase of cost, 118,643.40 = 2,2 per cent tl fH^sax.so. ^^^ 

Having satisfied ourselves that none of the advantages claimed for ^H 
the narrow gauge are of much importance, we will now proceed to ^H 
examine some of its disadvantages. ^^M 

The first disadvantage is, that the distance between the two supports ^^| 
of the car being shorter, the car is less stable than on the standard gauge ^^M 











302 



Stejiro Fukuzawa, 



[Feb. 




and on curves is increased. Let the height of centre of gravity of the 
narrow gauge car above the rails be four feet ; then that of the standard 

gauge car with the same wheels and 
the same car-body will also be four 
feet. 

On tangent track the car is going 
to be overturned when the level of 
the track is so much disturbed that 
a vertical line through the centre of 
gravity of the car passes just out- 
side the point of contact of the 
wheel with the rail From the sim- 
ilarity of the triangles A* OF and 
ABDy we get the difference of level between two rails necessary to 

overturn the car. 

j^r^ ^'^X^'^ ^ jgaugex gauge 

^^' V4' + (lgauge)«' 

For the 3 feet gauge, 

DA'^ '5X3 ^,ogft 
Vi6-|-a.25 

For the 4 feet Z^ inches gauge, 

DA^ ^ ;35X4.7 . ^,^^ 
V 16 -h 5.52 

Thus, on the narrow gauge railway a difference of a little more than a 

foot between the elevations of the 

two rails is sufficient to upset the 

train, while on the standard gauge 

railway one rail must be nearly two 

feet and a half lower than the other 

to obtain the same result. 

In order that the car may be 
overturned on a curve, the result- 
ant of the centrifugal force and 
the weight of the car must pass 
outside the point of contact of 
wheel and rail. Taking as an 
example the simple case of a level 
track with no superelevation, this occurs when 

weight = ^ __ cent, gravity above track = h 
cent, force = 6' ~ half gauge = -J ^ 
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But centrifugal force is equal to — • Therefore we have 
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Therefore the maximum safe speed on a given curve without super- 
elevation for the narrow gauge is to that for the standard gauge as V3 
is to V47, or as 1.73 is to 2.17, the difference being about 16 per cent 
in favor of the standard gauge. 

The unstableness of the narrow gauge car is lessened to some extent 
by making the diameter of the wheels smaller. But this increases the 
resistance due to axle friction, and consequently the total train resistance. 
Other things being equal, the resistance due to axle friction varies in- 
versely as the diameter of the wheel, and directly as the diameter of the 
journal. The dimension of the latter is determined by the weight that 
it has to support. Therefore if the load and the weight of the car-body 
are unchanged, the journal must be of the same size for the narrow as 
for the standard gauge car. The coefficient of journal train resistance is 



C = 



coefficient of friction X di 



diameter of wheel 



of journal 



If the diameter of wheel for the standard gauge is 33 inches, and that 
for the narrow gauge 24 inches, and the diameter of journal 3| inches 
for both gauges ; then assuming the coefficient of friction to be .02, we 
have journal train resistance in lbs. per ton as follows : — 

For the standard gauge, 



For the narrow gauge, 

R^2 



<3lX3 



:'X3fxJT = 6.!Sll 



This resistance is therefore about 35 per cent greater for the i 
gauge than for the standard gauge. Moreover, the reduction of the 
wheel diameter to 24 inches in the narrow gauge car is by no means 
sufficient to give it the same stability as that of the standard gauge car 
with the wheel diameter of 33 inches. 

Thus, in order that the narrow gauge car may have the same stability 
as the standard gauge car, the resistance due to journal friction must 
be greatly increased. On the other hand, if we wish to make the 
resistance due to journal friction of the narrow gauge car the same as 
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that of the standard gauge car, we are obliged to decrease the stability 
of the car beyond safety. The result is that trains cannot with safety 
be run on narrow gauge railways at as high speed as on standard g^uge 
railways ; and, with the same speed, it requires more tractive power to 
haul a given traffic on narrow gauge railways than on standard. Hence 
it follows that the capacity of a railway is reduced by reducing the 
gauge. 

In order that a car should be stable, not only its heigh^ but its width 
must have a certain proportion to the gauge. Generally the width of a 
car cannot properly be made much more than twice the g^uge. Hence, 
narrow gauge cars of a given capacity must be longer than standard 
j^auge cars of the same capacity. To haul a given traffic, therefore, the 
narrow gauge railway has to use a longer train than the standard gauge 
railway. If the standard gauge railway requires a train i,OCXD feet long 
to haul a certain traffic, the narrow gauge railway will, in order to do 

the same work, require a train somewhat longer than 1,000 X ^-^ = 1,560 

feet, the additional length depending on the relative heights of cars in the 
two systems. Increase in the length of trains necessitates the provision 
of longer sidings, and consequently increases the cost of Construction. 

Since the vertical and transverse dimensions of the rolling stock 
must be proportioned according to the gauge, it follows that locomotives 
of a given weight must be made longer for the narrow gauge than for 
the standard gauge. Hence, the wheel-base of the narrow gauge loco- 
motive with a given tractive power must be longer than that of the 
standard gauge locomotive with the same tractive power. The wheel- 
base being longer, th^ narrow gauge locomotive will have more difficulty 
in passing around curves than the standard gauge locomotive. 

On account of the smaller stability of rolling stock, the track ought 
to be kept in better condition on the narrow gauge railway than on 
the standard. This will require a considerable amount of care and 
labor; especially since on the narrow gauge railway, the track itself 
lacks stability, on account of the reduced dimensions of ties and ballast. 
The late Baron Von Weber, who made extensive observations of the 
principal narrow gauge railways of Europe says : *' Nowhere has the 
maintenance of the narrow gauge track proved, in practice, to be 
cheaper than that of the standard gauge, very often dearer ; on the 
average always dearer, when the quantity moved is taken into consider- 
ation." 

From what precedes, we may conclude that it costs very nearly the 
same to build a narrow gauge railway as to build one of the standard 
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g^auge ; and in regard to the operation, the narrow gauge has no advan- 
tage over the standard, but on the contrary, it has several disadvantages 
— always provided that the requirements as to the bulk, speed, and 
nature of the traffic are the same for both systems. It is only when 
traffic is small, and speedy transportation is not required, that a narrow 
gauge railway can be desirable. When a dozen or more daily trains are 
regularly run, and some of them at a speed of from 30 to 40 miles an 
hour, the standard gauge is decidedly preferable. The amount of traffic 
and the required speed of transportation have been increasing, and will 
increase hereafter. So, if ever in the future there be a necessity of 
changing the standard railway gauge, the new standard will be, in all 
probability, a broader gauge, and not a narrower gauge than the pres- 
ent standard. A country in which the railway is a comparatively new 
thing, and which is completely isolated from other countries having a 
large mileage of 4 feet SJ inches gauge railways, affords the best oppor- 
tunity for the narrow gauge to prosper. But even then we should take 
into consideration future growth of the traffic in the country, and take 
care not to reduce the gauge so much as to make the railways utterly 
incompetent to meet the requirements of the increased traffic in the 
future. It may therefore be safely concluded, that to reduce the gauge 
for the simple sake of saving in the cost of construction, is the last 
thing the engineer should do. 
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ON THE CHARACTER AND EFFECT OF THE ILLUMI- 
NANTS PRESENT IN COAL GAS' 

By L. M. NORTON, Ph.D. 

Common coal gas consists of two distinct classes of bodies, — the illu- 
minants or light-givers, and the diluents or light-bearers. These diluents 
consist of certain combustible carbon compounds and hydrogen, which, 
in burning, influence the temperature of the flame, but have compari- 
tively little illuminating power. The prominent diluents are hydrogen, 
marsh gas, and carbonic oxide. These constitute moat of the volume 
of gas, while the illuminants seldom constitute more than 6,5 per cent 
of the total volume. It would seem that the attention of gas chemists 
would have been directed to the examination of the bodies classed 
under the head of illuminants, but a study of the literature relating to 
gas shows that the difficulties connected with this question have gen- 
erally deterred examiners from anything more than the estimation of 
the total volume of the illuminants. The analyst has usually contented 
himself with the determination of the volume per cent of the gas ab- 
sorbed by strong sulphuric acid, and this quantity is commonly known 
as the percentage of illuminants. The assumption sometimes made 
that two gases having the same percentage of illuminants, and all other 
constituents ought to have the same candle-power, does not appear to 
be borne out by experience, and is erroneous from a theoretical point of 
view, as will be seen. 

* From an address delivered before the New Ecgland Association of Gas Engineers, Feb. 
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In the hope of throwing further light upon the nature and effect of 
these bodies, in connection with Mr, O. S. Doolittle, I undertook an 

examination of the Boston gas. 

The illuminants present in coal gas consist of ethyicne, propylene, 
acetylene, benzol, toluol, crotonylene and other hydrocarbons. The 
following table shows that such Hydrocarbons as act as illuminants 
are relatively rich in carbon. 



Table I. 



I 



Certain Constttcekts o 


F Coal Gas an 


Naphtha Gas. 






Symbol. 


c*... 




^-^ 












Ethylene 


C,H. 


8S.T1 per ct. 


14.29 per cl. 


Gu. 


Propylene 


C,H. 


86.71 ■' 


14.29 " 


Gu. 


Amylcne 


tiH„ 


86.71 " 


H59 " 


Liqoid. 


Hexylene 


t^H„ 


86.71 " 


. U.29 " 


Liqdd. 




C.H, 


88.80 ■■ 


11-20 ■* 


Liquid. 


Aeetjiene 


C,H, 


02.30 " 


7.70 " 


Gu. 


Benzol 


C.H. 


il2.30 " 


7,70 ■■ 


Liquid. 


Toluol 


C,H, 


91.30 " 


B.70 '■ 


Liquid. 


Pennine 


C>H„ 


83.33 " 


18.07 " 


Liquid. 


Heiane 


CH„ 


83.72 '■ 


16.28 " 


Liqmd. 


Dilutnls. 










Marsh Gas 


CH. 


75.00 " 


25,00 " 


Gai, 


Ethane 


C,H, 


80.00 " 


20.00 " 


Gas. 


Cwbonic Oxide . . . 


CO 


42.8S " 


- 


Ga*. 



\ 



In addition to the hydrocarbons mentioned above, naphthalene h: 
been found a few times in coal gas. When this hydrocarbon is presei 
it undoubtedly adds largely to the candle power of the gas ; it contains 
93.75 per cent of carbon and 6.25 per cent of hydrogen, and has been 
used as an artificial enricher at the burner* It is the prevailing opin- 
ion that the value of any hydrocarbon as a light-giver, increases witltl 
the percentage of carbon present. In that case, it will be 
benzol and acetylene are the most desirable illuminants. 

Benzol was first found in illuminating gas by Faraday.f 

* English Patent, 10,778, June 10, 18SG. t Pfailos. Trans., 1S25. 
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isolated and identified it in 1856. Berthelot • in 1876, in the course of 
his investigation of the Paris gas, found that it contained from 3 to 3.5 
volume per cent of benzol. Since that time chemists have more and 
more inclined to the view that this is the most important substance 
present in gas. It appears to be always accompanied by a small quan- 
tity of toluol. Crotonylene was first found in illuminating gas by Caven- 
tout in 1873, and as it almost invariably formed by the action of heat 
on petroleum naphthas.J it is probable that in coal gas enriched by 
naphtha, this illuminant plays a very important part. Amylene and 
hexylene may reach .illuminating gas from the same source, while 
pentane and hexane are the important illuminants in gasoline gas. 
The quantity of acetylene present appears to be very minute. 

The examination of the character of illuminants by the ordinary 
methods of gas analysis seemed unadvisable, on account of the minute 
quantities of certain substances present. In fact, Treadwell and Stokes § 
have lately pronounced it impossible to determine the amount of ben- 
zol in illuminating gas by ordinary methods of gas analysis. 

We therefore worked with considerable volumes of gas, and used 
from fifteen to forty cubic feet. 



Ethylene and Propylene. 
We removed these substances from the gas by absorption with 
bromine. The bromides thus obtained by the union of the bromine with 
the gases were distilled in vacuo and fractionated, and after analysis the 
per cent of the substances in the original volume calculated. The liquid 
bromides of ethylene and propylene left upon distillation in vacuo a 
solid residue which was purified by crystallization and found to consist 
of crotonylene tetrabromide and dibrombenzol. These were separated 
by crystallization and examined. 

Benzol. 
We attempted to absorb the benzol in nitric acid, but we soon be- 
came convinced that this method was unsatisfactory. We then under- 
took to remove the liquid hydrocarbons from the gas by passing it 
through olive oil, as suggested by Ditmar and Davis.|| We found this 
method to be an excellent one, and we passed thirteen feet of gas slowly 
through the oil. We then heated the oil and passed steam through it. 
The steam carried over the liquids absorbed from the gas, and after con- ■ 

* Ann. d, Chim. et Pliya., ;, to, 169. t Bet. d. Chem. Gesell., G, 70. 

1 Norton and Andrews, Am. Chem. Jour., VIII. 1. 

$ Bet. d. Chrm. Gcaell., 21, 3131. I Jour. Soc. Chem. lod., |8«, 4. 
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densing the vapors, we separated the hydrocarbons from the water andV 
examined them. They consisted largely of benzol and toluol. The I 
olive oil probably absorbed the crotonylcne also, but on account of its I 
extreme volatility we were unable to condense it when the oil wa» | 
treated with steam. 

Acetylene. 

Acetylene has been found in coal gas by Berthelot and others,* and 1 
he founds upon the fact an elaborate theory f regarding the formation of 1 
benzol in the retort, To determine the amount of acetylene, wc passed T 
the gas through subchloride of copper solution, which absorbs it readily, i 
filtered o£f the red precipitate containing the acetylene, decomposed this I 
with hydrochloric acid, and again absorbed the acetylene in bromine and j 
weighed the tetrabromide formed. 

Naphthalene, 

It would seem likely from the occurrence of naphthalene in tar and its ' 
occasional deposition in pipes, that this substance would be likely to be 
present in the gas. We attempted to find it by passing the gas through 
alcohol, in which it is very soluble, but the alcohol failed to remove a 
trace of it from the gas. Pitschke J succeeded in finding naphthalene 
in gas by this method. Wc then tried to remove it by means of heavy j 
petroleum naphtha, but did not succeed in obtaining a trace of it. We 
next had recourse to cold and pressure, and subjected the gas under a 
pressure of five atmospheres to a temperature of +g' F., but only suc- 
ceeded in condensing liquid hydrocarbons. In one case only, among the 
solids obtained by the action of bromine upon the gas, we obtained a J 
small quantity of a substance which may have been dibromnaphthalene. I 



Other Constituents. 

The oxygen, nitrogen, carbonic acid, carbonic oxide, and marsh gas I 
were determined in the ordinary way with the Hempel gas apparatus. I 
The specific gravity was determined by weighing a known volume in %j 
flask. 

The following table shows the composition of the sample of Boston! 
gas, and also contains all the other complete analyses of coal gas whictti 
I have been able to find. 

• BHUfier, Landolt, Blochmnnn, Fischer, 
+ Conipt. rend., 50, 805 and 62,94, Ani 
Ber. d. Chem. Gesell., 10, 853. 
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Taule II. 
Analyses or Coal Gas, in Volume Per Cent. 



Ethylene . . . 

Acetylene, Crolonylci 

Carbonic Acid . . 

Catbanic Oxide . 

ManhGu . . . 

Hydrogen . . . 

TCitiogen . . . 

Specific Gravity . 



6-08 
42.32 



0.T2 
0.66 



38.76 
47.60 
0.02 



11,10 
46.27 
37.56 



6.00 
41.60 
45.70 



I. Boslon £as, by Norton and Doolitllc. — II. KSniEilmrg ga!, by Blochmann.* — III. 
Heidelberg gas, by Kinnicnll and Treadwell.t — IV. and V. Hanover gaa, by Fischer-I — 
VI. Manchester (Eng.) gas, by Davig.J — VII, Paris gM, by Bertbelot, || 



So far as I am able to learn, these samples are all pure coal gas, with 
the exception of the Boston gas, which is enriched by naphtha, .It will 
be observed in the table presented that in general, the percentage of 
ethylene remains nearly constant, that of propylene varies somewhat 
more, while that of benzol undergoes still greater variations. Besides 
these ilUiminants, the Boston gas contained other illuminants, consist- 
ing of acetylene, a considerable amount of crotonylene, and small quan- 
tities of hexylene and amylene, making up some 2.17 per cent of the 
total volume. 

Candle Power. 

The next question to be considered is naturally, which of these illu- 
minants has the most value in giving illuminating power to the flame. 

In order to gain some information upon this point the Boston 
gas was passed through olive oil to remove its liquid constituents, and 
the loss in candle power caused by a removal of these determined. We 
found the mean of three determinations of the gas as received to be 
J 8.27 candles, and after passage through the oil to be 7.03 candles, show- 



• Ann. d. Chem., loy, 177. 

J Die Chemische Technologic dei 

{ Jour. Soc^ Chem. Ind., iSSj, 71 



f Bunsen, Gasometrische Methoden, 1S77, p. 143. 
(toffe, 1887, p. 290, 
II Ann, d. Chim. et Phys., 5, 10, 169. 
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ing that 61.6 per cent of the illuminating power of the gas was due to 
the liquid hydrocarbons. Knobiauch • several years ago found by ex- 
periment that the illuminating value of benzol vapor was about six times 
that of ethylene, and P. F. Frankland f arrives at the same conclusion, 
and finds that pure ethylene has a candle power of 68.5 candles, calcu- 
lated upon the basis of a consumption of 5 ft. per hour. This would 
give benzol vapor a candle power of 41 1.0, and it immediatciy becomes 
apparent that a very small quantity of benzol vapor can exert an impor- 
tant influence upon the gas. Frankland found that a mixture of marsli 
gas and hydrogen must have 13.4 per cent of ethylene added to it to 
reach 16.8 candles, while 3.09 per cent of benzol vapor gave a candle 
power of 22. 9 candles, From the point of view of weight, however, 
benzol vapor possesses a much smaller advantage over ethylene, and 
would have only 2.1 times the candle power of ethylene for equal 
weights. 

It is greatly to be regretted that no figures exist regarding the effect 
of propylene, acetylene, crotonylenc, and amylene as illuminants. 
There is a prevailing opinion that these compounds all have a much 
greater effect than ethylene, but it cannot be said to be based upon ex- 
periment. But it can safely be asserted that benzol is the most valuable 
of the illuminants, and that its presence is to be desired in illuminating 
gas in the largest quantity which will not cause inconvenience by con- 
densation in the pipes. Davis, f at a time when benzol commanded a 
higher price than at present, proposed to remove it from gas, and, if nec- 
essary, replace it by other and cheaper illuminants. In the course oi 
his investigations he found the following hydrocarbons present in 
gas produced at private works, viz. : pentane, amylene, crotonylene, 
hexane, hexylene, benzol, hexine, heptanes, heptylene, octane, octylene, 
nonane, nonylene, xylol, toluol, and naphthalene. Three-quarters ol 
the liquid present which could he condensed consisted of benzol 



Weight Percentages. 

While the quantities of benzol and other illuminants present in gas , 
as shown by Table II. are small, the per cents by weight, on the other 
hand, are much larger The following table shows the per cent by 
weight of the most important constituents of three samples of j 

• Schillings jQur. f. Gasbcl. u. WafiserversorB.. XXIll. 174. 

t Jour. Soc. Chcm, Ind., 3, 279. t Jour. Sac. Chem. Ind., : 
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Table III. 
Weight Percbntages. 







n. 


UI. 


Elhyleoe 


5.1 


5.1 


5.0 


Propylene 


2.b 


■ 2.7 


— 


Beniol 


5.4 


4.7 


12.5 


Carbonic Oiide 


M.1 


22.7 


13.0 


Hydrogen 


5.0 


9.7 


7.1 


ManhGu 


67.2 


E1.7 


52.0 



I. Boston gas, by Norton ind Doolittle. - 
Chester (Etig.) gas, by Davis. 



11. Konigsbecggas, by Blochmana 



These figures, which are only approximations, show that from this 
point of view the illuminants, instead of constituting from four to six 
per cent as by volume, constitute from twelve and five-tenths to seven- 
teen and five-tenths per cent by weight. 

Tar. 
The amount o'f benzol which passes into the tar is relatively small, 
while the quantity of toluol and xylol is relatively much greater in com- 
parison with the total amount formed. Wo found in the Boston tar 
0,39 per cent of benzol, 0.35 per cent of toluol, and 0.16 per cent of 
xylol. Figuring now upon a basis of 4.5 per cent of tar and 9000 
cubic feet of gas to the ton of 2000 pounds, we have roughly one-half 
of one pound of commercial benzol in the tar, and sixteen pounds of 
benzol in the gas. These figures agree approximately with those 
obtained by the Paris company, who, in ten years, found that one 
twenty-fourth of the benzol went into the tar.* 

Enrichers. 
The best enrichers to use would then appear to be those substances, 
which, upon decomposition, will give a gas containing a high per cent of 
benzol or other liquid illuminant. The cannel coal is ordinarily sure 
upon decomposition to furnish some benzol, and also to furnish gas of 
high candle power. In regard to the composition of the gas obtained 
by heating cannel coal, very little, in fact almost nothing, appears 

* Lunge, Coal Tir and Ammonia, 1SS7, p. 31. 
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to be known. A few experiments of my own upon the composition i 
of gas furnished by the decomposition of albertite at a high tempera- 
ture give all the information that I have been able to gain in this 
direction, as far as the nature of the Uluminants is concerned. The 
decomposition of albertite at a high temperature gives rise to gas of 
high candle power. In the experiments which I made, I found that it 
contained about 27 per cent of illuminants, and its illuminating power 
was four times that of the Boston gas. The sample that I examined 
gave upon destructive distillation almost no ethylene; but propylene 
was found to a very considerable extent, as were also hexylcne and amy- 
lene. So that under the circumstances in which I heated albertite it 
gave rise to very little ethylene and comparatively little benzol, but 
mainly hydrocarbons of the ethylene type, consisting of propylene, 
hexylene, and those of about that composition and character. Naphtha 
is much more uncertain in its action. It has been shown ' that at a 
moderate red boat, naphtha furnishes very little benzol, and that crotony- 
lene, amylene, and hexylene must be largely relied upon under such cir- 
cumstances to raise the candle power. Naphtha furnishes ethylene and 
propylene with great ea.se upon heating. On the other hand, Mooref in 
his investigation upon the Granger Water Gas Process, found from 1.5 
to 2.6 volume per cent of benzol vapor formed, he states, by the heating 
of the water gas and naphtha vapor together. The heavy oils, such 
as residuum and crude oil, upon decomposition, produce doubtless 
benzol more easily than naphtha docs, and yet there is little data 
regarding this matter. My own experiments have been confined to 
naphtha. 

In regard to the use of heavy oils, such as residuum and crude oil, 
as stated, there is doubtless more benzol produced in the decomposi- 
tion of residuum than in that of naphtha ; but the only experiments 
which bear upon this relate especially to the residuum of Russian petro- 
leum. J Unfortunately the Russian petroleum contains compounds 
belonging to the benzol class; so that the results of these experiraents 
are not as definite as we might wish, A considerable yield of benzol 
was obtained from the decomposition of residuum — a considerably 
greater yield than can be obtained from naphtha. 

Tar has been recommended as an enricher, perhaps on the ground 
that it contained benzol. Tar undoubtedly does contain a very consid- 
erable percentage of hydrocarbons belonging to the benzol series, and 

■ NortOQ and Andrews. Am. Chem. Jour., VIII. I. 
+ Report on Ihc Granger Wilcr Gas, Pliil., 1885. 
X LeiDT' Bet- <^ Chem. Gesell., ti, 1210. 
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these compounds, upon decomposition, give rise to benzol. The amount 
of such compounds is perhaps 12 to 15 per cent of the total weight of 
the tar ; so it is conceivable that, by a proper use of the tar, a gas of 
high candle power, containing benzol, might be obtained, but the volume 
would not be large. 
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A PRELIMINAR Y PAPER ON THE DRIFT IN FOR TIONS 
OF MIDDLESEX. COUNTY. 

By GEO. H. BARTON. 



As the title of this paper indicates, it is but a preliminary papa*. 
It embraces the results of field observations made by the writer during 
portions of the summer of i88S. The territory examined all lies within 
a short distance of the Fitchburg railroad or its branches, and com- 
prises in whole or in part the towns of Stow, Maynard, Sudbury, Acton, 
Concord, Lincoln, and Weston. It is expected that during the coming 
summer not only that a much larger area to the westward will be inves- 
tigated, but that the ground already traversed will in all places of espe- 
cial interest be studied with much greater care than is possible in the 
first preliminary sur\'ey. 

It is now very well understood that the drift, which was accumulated 
in its present form by the action of the ice-sheet which spread over the 
northern portions of the United States during the glacial period, and 
was derived very largely from the loose material which had previously 
been formed by the mechanical and chemical disintegration of the rocks 
near the surface of the earth, is divided in general into three main divis- 
ions, viz., the lower, upper, and modified drift, or till, as it is sometii 
called. 

The first or lower till is that which accumulated below the mass <rf' 
the ice and was hardened and compacted by the immense weight of the 
ice-sheet. The bowlders contained in the lower till are more or less sub- 
angular or rounded and are usually somewhat marked with striations. 
The general mass of this till is usually spoken of as largely made up of 
blue clay, but recent investigations by Prof. W. O. Crosby have shown 
that the percentage of true clay is very small, and that the larger pro- 
portion of the fine material consists of silica, some of it ground to the 
fineness of a flour. 

The upper till is that portion which remained upon the surface of the 
ice or was incorporated in its mass and was left as a somewhat thin 
mantle over the entire surface of the country as the ice melted from 
under it. The bowlders contained in this are but little if any roundet^ 
being generally quite angular. 

The modified till resulted from the action of the waters produced 
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the melting of the ice-sheet upon the materials of both the upper and 
lower till, but principally upon that of the former. The sorting power 
of the water separated the materials according to their degrees of fine- 
ness or specific gravity. The larger fragments were left as beds of 
coarse gravel, the quartz grains accumulated to form the sand plains, 
while the finer material, the clay, was carried farther away to form clay 
beds in the marshes near the sea and other low places. 

The most prominent objects in the topography of this portion of the 
glaciated area connected with the drift are the drumlins, or somewhat 
lenticular hills, formed principally of the materials of the lower drift. 

The upper drift has no features of striking peculiarity. In the mod- 
ified drift the principal and most noticeable features are the sand plains 
that have accumulated along the valleys of the streams, and also in 
large masses over considerable areas of the comparatively level surface 
of the country. Associated with these often are those peculiar struct- 
ures known as kames, which are long, narrow ridges of pebbles of all 
sizes up to a foot and sometimes more in diameter, and all well rounded 
and water-worn. Theseridges conform generally to the surface upon 
which they rest, often extending for long distances over comparatively 
level surface, sometimes winding along up the sides of a hill, often 
following along the valley of a stream, but often leaving the valley 
when its trend changes from the general direction of the kame. In 
general the kames run north-south, but the direction may change many 
degrees to the east or west. Often they are very winding or serpen- 
tine, and sometimes form complete horseshoe curves. Sometimes they 
run in single lines, sometimes in a series of ridges nearly parallel to 
each other. 

Taking up the phenomena mentioned and in the same order, we find 
in the region under discussion that druralins are numerous in the towns 
of Stow and Maynard, and in the southern half of Acton, scattering in 
Sudbury and Concord, and very rare in Lincoln and Weston. 

In Stow they are most noticeable in the southeast portion of the 
town, along or near the Assabet River. The one farthest to the west, 
just west of the village of Rockbottom, is a double one, of which the 
portion to the west does not extend so far north, but much farther south, 
than the more easterly one. The easterly one has a peculiar channel 
cut through the summit just west of the crest and parallel to the longer 
axis of the hill. The depth of this channel varies from fifteen to 
twenty feet. The longer axis of the hill, which much exceeds its shorter 
axis, has the direction N,-io-W. Its slope to the east varies from 8° to 
25°, the latter being an unusually steep one for hills of this class. 
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Next to the east is Sugar Loaf, which has a very steep 
southward and a very gentle one to the north, giving a peculiar outline, 
differing from the majority, which are generally symmetrical. This hill 
has its longer axis N.-S. Just south of Whitman's Station on the 
branch of the Fitchburg railroad is Boon's Hill, which is nearly circular 
in plan and comparatively low in contour. Northwest of this and on 
the north side of Assabet River is Priest's Hi!!, a much higher eleva- 
tion, somewliat composite in form, but not distinctly di\'ided into more 
than one summit. Still again to the northwest, in the same general 
trend as the two latter hills, and just south of the main road from Stow 
to Bolton, is Spindle Hill, a well-marked, typical drumlin, with longer 
axis about N.-io-W. South of the river, about half-way between 
Whitman's and Maynard, is a group of three hills, the most easterly of 
which is of rock, while the other two are drumlins. The central hill is 
partially superimposed upon the rock hill and has its longer axis about 
N— S., while that of the westerly hill of the group is N.-60-W., thus 
lying at a large angle with the former. These hills are thickly covered 
with bowlders, some of which reach a diameter of fifteen feet. Opposite 
these, on the north side of the river, is a drumlin thickly covered with 
wood *hich has not been examined. South of the river, and on the 
boundary line between Stow and Maynard, are two very large hills very 
much elongated, but with axes very different in direction, one lying 
nearly across the trend of the other. The northerly one has the longer 
axis a little west of north, the southerly N.-io-E. 

Directly north of the river is a hill which is not prominent, with its 
axis still more inclined to the east. Northeast of this latter elevation 
is the most remarkable series yet studied in this area. From the north 
or south it has the appearance of a very large drumlin with a very long 
axis extending nearly east and west. On the summit, however, it at 
once shows its true character, where it is readily seen that it oonsists d 
a series of drumlins, consisting of at least seven or.eight, all with axes 
nearly N.-S., with the exception of the one to the extreme east, which 
are so closely crowded together as to form along their bases one con- 
tinuous mass. Double or twin hills are quite common, but this is the 
only case yet seen where more than two are thus united. This series, 
it should have been mentioned, is in the town of Maynard. Just south 
of the Acton line, in the northeast corner of Stow, is Flagg Hill, which 
consists of two parallel drumlins, with longer axes nearly N.— S., which, 
though united, are separated nearly to their bases, and just south of the 
village of South Acton Faulkner's Hill is formed in the same manner, 
where the valley between is sufficiently deep for the passage of the 
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highway. Also north of ihe same village there is first a single hill 
which 15 not of large size, and just northeast of this another couple 
that are more closely united than those just mentioned. About half- 
way between South and West Acton, on the north side of the railroad, 
is a small drumlin. and then just beyond West Acton station, but in the 
village, is a large drumlin, with its axis N.— lO-W. and its summit very 
slightly divided. Just south of this is a small drumlin, with its axis 
nearly E,-W. 

These few drumlins just enumerated are all that occur in Acton, the 
whole northern and eastern portions of the town being free from them, 
with the exception of Strawberry Hill, in the northeast comer. In 
Maynard, besides those previously mentioned, there is one, not very 
large, near the southeast corner of the town. 

In Sudbury, just southeast of the southeast corner of Maynard, is 
Cutting's Hill, a very typical drumlin with axis very much elongated 
somewhat to the west of north. Then east of, and close to the line of 
the Lowell and Framingham railroad, are the hills just north of the 
centre of the town, PJympton's Hill, the composite one south of Pantry 
Brook, and one on the boundary line between Sudbury and Concord. 
Farther to the eastward Round Hill, "rising from the Sudbury mead- 
ows," as described by Thoreau, is a drumlin nearly circular in plan. 

In Concord there are three prominent drumlins. That known as 
Annursnack, north of Concord Junction, is of considerable size, with 
axis slightly west of north. The maps of the United States Geologi- 
cal Survey give the height of this hill as 390 feet above sea-level. Just 
northwest of Concord Centre is a nearly circular drumlin, on which is 
situated the reservoir that supplies the town with water. Punkatasset 
Hill, northwest of the river road to Carlisle, is the third. This is well 
wooded and has not been very well examined. In Lincoln the only 
drumlin so far examined is a small one just south of the centre. 

In Weston none whatever have so far been noted, though more than 
one-half its area has been investigated. 

The sand plains of the modified drift have not received particular 
attention, and here it will only be noted that the prominent ones occu- 
pying this region are two in number, — the one surrounding Waldcn 
Pond in Concord, and the one known as Boon's Plain in Stow and 
Peakham Plain in Sudbury. 

The kames have proved a very interesting feature and have received 
much attention. 

One series traced northward from the farthest southern point known 
Starts just north of Boon's Pond, Stow, passes along the northern end of 
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Boon's Hill, and disappears below the Assabet River. Rising again on 
the north bank of the river, it winds along the extreme eastern edge of 
the base of Priest's Hill, sometimes in a single ridge, sometimes in a 
scries, and often gii-'ing off lateral branches of a few rods in length. ' 
Northeast of Priest's Hill it is covered for some distance by a small I 
sand plain, but not to sufficient depth to prevent its being traced. In 
the vicinity of Stow Centre it is broken up into a tumultuous series of 
small hillocks, though in some parts keeping its correct form ; continu- 
ing northward, it has been traced a short distance north of the Acton 
line. About a mile west of this, in the central part of Stow, is another , 
abort scries, connected with this by a single lateral offshoot continuing 
for about a mile in a slightly northeast direction. Then this scries 
seems to be continued in two short pieces in the southwest part of 
Acton, one extending a short distance on each side of the boundary 
line between Stow and Acton, and the other consisting of several paral- 
lel but short ridges near the BoxlJoro' boundary on the road from West 
Acton. Another series starts in the extreme northeast corner of Sud- 
bury, and runs a well-defined single ridge for about a mile, when it 
disappears below a sand plain just at the Concord tine, to emerge i 
as three parallel ridges on the banks of the Assabet just east of the 
powder mills. Then continuing as a single ridge most of the way, it is ' 
easily traced across the Fitchburg railroad in Acton nearly to the 
extreme northern point of the town, passing along the eastern slope of ' 
the high rocky eminence upon which Arton Centre stands. Directly ' 
in the correct range southward of the starting-point of this serie; 
Sudbury, at intervals of a mile or so, there are indications that it may 
extend much farther than it has been traced, but covered from view by 
the sand plains which abound there. In Concord, running first along 
the eastern base of Annursnack Hill, and extending to nearly the north- 
west angle of the town, along the west bank of Spencer Brook, is a welt 
defined series mostly made up of a single ridge, but at the southern f 
extremity broken into several nearly parallel ridges. 

On the road leading directly north from Concord Centre toward 1 
Carlisle a single ridge has been traced for about a mile; but as this , 
region is densely wooded, it is not known how much farther this series | 
extends, 

In Weston, on the west bank of Stony Brook, beginning about oppo- j 
site the Kendall Green Station on the Fitchburg railroad, a well-defined 
kame rims along between the brook and the hill, where for a portion of 
the distance material has silted in behind the kame till it has produced 
a level surface from the top of the kame back to the hillside, giving 
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very strongly the appearance of a terrace. This series continues for 
some distance northward, crossing the railroad, passing to the north of 
Lincoln station, and continuing to the sand plain that surrounds Walden 
Pond. 

This in brief gives a hasty summary of the facts brought to light so- 
far in the study of the drift of this very interesting region. No theo- 
ries or conclusions will be here advanced. They will be left for another 
paper, to be written after the conclusion of the work of the coming 
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THE NUMBERS OF BACTERIA IN CERTAIN CITY 

TAP-WATERS. 

By EDWIN O. JORDAN. 

In the spring of 1888, as an incidental study, a bacteriological exam- 
ination was made of the tap-waters of Newton, Cambridge, Boston (Co- 
chituate), and Charlestown (Mystic), Mass. All the work was done 
between March 20 and May 13. The samples of water were taken in 
sterilized bottles, brought at once to the Biological Laboratory and 
planted within three hours from the time of collection. From the sta- 
tistics of the Massachusetts State Board of Health I have obtained 
also the analyses of the tap-water of Lawrence, Mass., made during the 
same time. Through the courtesy of Mr. Schultz, of the Boston Signal 
Service Station, the mean daily temperature and the total precipitation 
in inches and hundredths of inches as recorded at the station have 
been tabulated for all the dates on which samples of water were exam- 
ined. The dates, on the whole, fail to show any very decided relation 
between the numbers of bacteria in the water and the general atmos- 
pheric conditions. 

It should be remembered that the sources of supply of the several 
places are widely separated and that the Boston records give only an 
approximate indication of the precipitation, etc., at the various reser- 
voirs and ponds. Nevertheless, some general conclusion as to the effect 
of rainfall appear to be warranted. 

The two extreme samples of each supply were those taken on the 
following days : — 

Newton . . .{^^^7. 62 May i, 

I May 3, 44 April 28, 2 

Umbridge . ./Mayn. 1188 April 23. 22 

" lApril7, 644 April 24, 22 

Boston . . ./April 7. 1684 M.y .. 12 

lAprili9, 692 April 28, 22 

Charlestown. ./ March 3., 1318 April 30. 60 

I April 14, 1186 April 27, 76 

lAwrence .. | March 24. 206 April 28, 24 

( March 31, 184 May 10, 33 
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The high numbers are distributed quite evenly over the whole period, 
but the low numbers are crowded together into about ten days in the last 
part of April, On referring to the tabfe it is seen that between April 
22 and May i no rain fell. It was the longest " dry spell " during the 
time of investigation. This connection of low numbers of bacteria 
with absence of rainfall suggests more than a mere coincidence. In 
several instances the high numbers of bacteria follow closely upon a 
heavy rainfall. That such is not invariably the case is not remarkable, 
for the local conditions and irregularities in distribution would account in 
part at least for the discrepancies observed. Changes of the tempera- 
ture of the air, accompanying the change of season, have evidently little 
or no effect upon the number of bacteria. The results seem to indicate 
that the main agent in raising the count of bacteria is the amount of 
precipitation. It is not probable that this increase comes directly from 
bacteria in the rain-water or from those caught on its way through the 
air, but that it comes largely from those washed out of the soil. The 
upper layers of earth are known to be abundantly filled with bacteria, 
and a pelting rain that furrows every hillside must undoubtedly wash 
into the ponds and reservoirs immense numbers of these surface bac- 
teria, and also considerable food material. In ordinary wells communi- 
cating more or less freely with the surface the water is found decidedly 
richer in bacteria after a rain-storm. The work of Dr. Theobald Smith • 
points in the same direction. He concludes from his work on the Poto- 
mac water that the high numbers of bacteria in that water in winter 
come directly from the soil. The condition of the surface soil in winter, 
in his opinion, lets the earth wash into the river more easily than in 
summer, when it is bound together with vegetation and protected by 
overhanging trees. I have not been able to trace in this locality any 
such relation between the time of year and the number of bacteria in 
the water. The effect of rainfall, however, in a general way appears to 
be considerable, and is dependent on varying local conditions, rather 
than on any general climatic changes. 

That the banks of reservoirs, filter-basins, etc., are often richly 
manured is of a certain interesting significance for us. 



• Medical News, April 9, i; 
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Boston* 


Cambrids*. 


Chaiiestown. 


Lawrence. 


Meu Daily 
Temp. 


Rainfall 
in inches.* 


March 20 . . 


10 


166 


^^^ 


^__ 


107 


46.7 


.03 
}.73 


" 22 . 




4 


112 


— 


— 


68 


37.3 


.06 


•• 23 . 




6 


208 


— 


— 


— 


20.0 


— 


" 24 . 




22 


152 


— 


— 


206 


19.0 


— 


" 26 . 




20 


230 


•— 


— 


— 


31.3 


.23 


" 27 , 




10 


— 


— 


— 


99 


37.0 


.43 


" 28 




6 


138 


— 


— 


^ 


41.7 


.32 


•' 29 . 




14 


84 


44 


192 


141 


41.7 


.20 


" 30 




10 


— 


224 


• 


— 


41.7 


— 


" 31 




4 


62 


278 


1318 


184 


42.7 


f.58 


April 2 




12 


416 


32 


254 


— 


38.3 


" 4 




26 


238 


168 


154 


98 


40.3 


:i 


6 




10 


106 


82 


458 


-^ 


47.3 


" 7 




24 


1684 


240 


460 


— 


39;3 


— 


•• 9 




80 


54 


64 


156 


•— 


35.7 


— 


" 10 




28 


226 


54 


116 


— 


35.3 


.11 


" II 




20 


222 


306 


106 


— 


40.0 


.29 


M ,2 




12 


36 


— 


432 


—~ 


43.3 


.01 


" 13 




16 


236 


134 


296 


— 


37.3 


— 


" 14 




12 


360 


— 


1186 


— 


38.3 


.11 


«• 16 




16 


210 


26 


310 


— 


40.7 


(.09 
i.Ol 


" 17 




8 


160 


58 


228 


— 


43.0 


_ 


" 18 . 




14 


122 


32 


344 


— 


44.0 


.05 


" 19 . 




26 


502 


— 


203 


— 


48.0 


i 


M 21 




— 


— 


76 


274 


— 


40.7 


- 23 




4 


118 


22 


162 


— 


42.0 


Tr. 


" 24 




6 


118 


22 


262 


— 


39.7 


— 


" 25 . 




4 


126 


— 


212 


— 


40.3 


— 


•• 26 . 




10 


84 


30 


296 


— 


53.0 


— 


•* 27 . 




12 


30 


36 


76 


— 


50.3 


— 


•« 28 . 




2 


22 


34 


128 


24 


56.0 


— 


" 30 




6 


24 


40 


60 


— 


43.7 


— 


May I . 







12 


00. 


— 


— 


. 41.7 


:| 


" 3 




44 


124 


212 


122 


— 


45.3 




" 7 ' 




62 


58 


644 


546 


— 


57.0 


^ 


" 8 . 




12 


00 


182 


272 


40 


56.3 


Tr. 


" 9 . 




24 


66 


82 


148 


— 


* 56.3 


.53 


" 10 . 




12 


26 


^ 


124 


33 


62.3 


.01 


•* u . 




18 


144 


1100 


146 


— 


45.7 


.38 


" 12 . 




16 


142 


308 


124 


128 


52.7 


1.42 



Newton . . . 


. Average of 39 anal3rses . . 


. . 15 


Boston . . . . 


4< (( ^M « 

" " 28 " 


. . 189 


Cambridge . . 


. . 201 


Chariestown . . 


<( « ^1 « 


. . 295 


Lawrence . . . 


II "11 " 


. . 103 



* Boston Signal Senrice Station. 
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REFRIGERATING MACHINES* 
Bv C. H. PEABODY, S.B. 



In the discussion of heat engines it appears that the simplest cycle 
described by such an engine is that for Carnot's ideal engine repre- 
sented by Fig. I. 




When the working substance in the cylinder /* is a gas, the cycle 
represented by Fig. 2 is composed of two isothermal lines, AB and 
CD, and of two adiabatic lines, BC and DA. When the working sub- 
stance is a mixture of a liquid and its vapor, the two isothermal lines 
become parallel to the axis V, but the order of events is in nowise 
altered. 

When working direct, Carnot's engine takes from the source of heat 
A a quantity of heat Q, changes a part into mechanical energy, rejects 
the remainder Q^, to the refrigerator B. The efficiency 



_AIV^ 






increases with the difference of temperatures of the source of heat and 

the refrigerator. 

If the engine be reversed so that it describes the cycle in the order 
ADCBA, it takes hqat from the refrigerator, adds thereto the heat equiv- 
alent of the work of the cycle, and delivers the sum to the source of 
heat, and thus becomes a refrigerating machine. It is apparent that in 
this action it is desirable to do as little work as possible on the working 
substance, and that this condition is fulfilled by making the difference 
of temperatures as small as possible. 

In practice, it is found convenient to supply to a heat engine at each 
stroke a quantity of the working substance at a high temperature, 

• Copyrighted by C. H. Pcabody. 
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which does work on the piston and is rejected at a lower temperatur< 
Thus the steam engine takes steam from the boiler which serves as %v 
source of heat, and after abstracting some of the heat in the form i 
work, rejects the steam to the condenser or refrigerator. In like maii'J 
ner refrigerating machines take a supply of the working substance frotnfl 
the refrigerator or refrigerant, do work upon it, and deliver it at a higherfl 
temperature to a receptacle which is known as the cooler or condenser,! 
but which takes the place of the source of heat or boiler. 

Two forms of refrigerating machines are in common use, air refrig-| 
crating machines, and compression refrigerating machines using a sat- 1 
urated vapor, such as the ammonia refrigerating or ice machine. 




Fig. 3. 



Air Refrigerating Machine. — The general arrangement of an 
refrigerating machine is shown by Fig. 3. 

It consists of a compression cylinder A, an expansion cylinder .d of 1 
smaller .size, and a cooler C. It is commonly used to keep the atmos- 1 
phere in a cold storage room at a low temperature, and has certain ad- 
vantages for this purpose especially on shipboard. The air from the ] 
storage room comes to the compression at or about freezing point, is I 
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compressed to two or three atmospheres, and dehvered to the cooler, 
which has the same form as a surface condenser, with cooling water 
entering at e ant! leaving at f. From the cooler the air, usually some- 
what warmer than the atmosphere, goes to the expansion cylinder B, in 
which it is expanded nearly to the pressure of the air and cooled to a 
low temperature, and then delivered to the storage room. The inlet 
valves a, a, and the delivery valves b, b, of the compressor, are moved 
by the air itself ; the admission valves c, c, and the exhaust valves d, d, 
of the expansion cylinder, are like those of a steam engine, and must 
be moved by the machine. The difference between the work done on 
the air in the compressor, and that done by the air in the expansion 
cylinder, together with the friction woili of the whole machine, must 
be supplied by a steam engine or other motor. 

The effect of clearance in the compression cylinder is to increase 
the size required for a certain performance. The exhaust valves of 
the expansion cylinder should be so set that the clearance shall be 
filled by compression with air at nearly, if not quite the admission 
pressure, and the cut-off should be such that the air shall expand down 
to the back pressure. 

This latter is always of importance for the efficient action of the ma- 
chine ; but if the clearance is small, the compression is of less moment. 

It is customary to provide the compression cylinder with a water 
jacket to prevent overheating, and frequently a spray of water is thrown 
into the cylinder to reduce the heating and the work of compression. 
Sometimes the cooler C, Fig. 3, is replaced by an apparatus resembling 
a steam-engine jet condenser, in which the air is cooled by a spray of 
water. In any case it is essential that the moisture in the air as well 
as in the water injected should be efficiently removed before the air is 
delivered to the expansion cylinder, otherwise snow will form in that 
cylinder and interfere with the action of the machine. Various me- 
chanical devices have been used to collect and remove water from the air, 
but air may be saturated with moisture after it has passed such a device. 

The Bell-Coleman company use a jet cooler, with provision for col- 
lecting and withdrawing water, and then pass the air through pipes in 
the cold room on the way to the expansion cylinder. The cold room Is 
maintained at a temperature a little above freezing point, so that the 
moisture in the air is condensed upon the sides of the pipes and drains 
back into the cooler. The same machine as made by Menck and Ham- 
brock, is provided with a device for removing moisture from the air, 
that is shown by Fig. 4. Air from the cooler comes in by the pipe a, is 
distributed by the annular perforated pipe b, and passes out to the ex- 
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pansion cylinder by the pipe c. The chamber E is surrounded by a 
jacket, through which passes the cold air on the way from the expansion 
cylinder to the cold room. Since the 
air in the jacket is many degrees below 
freezing point, walls of the chamber B 
, arc quickly covered with frost, which 
* accumulated till a considerable thick- 
ness is attained ; afterwards, the mois- 
ture condenses and runs down to the 
bottom of the chamber, from whence 
it is withdrawn. 

A coil of steam pipe d, d is provided 
for thawing ice and snow that may 
accumulate at the bottom of the cham- 
ber. Since the same air is used con- 
tinuously, being taken from the cold 
room, chilled, and returned, the effect of 
these devices is to remove the moisti 
from the air in the cold room, and to 
maintain a cold, dry atmosphere in it, 
which is well adapted to preserving all kinds of perishable provisions. 

When an air refrigerating machine is used as described, the pressure 
in the cold room is necessarily that of the atmosphere, and the size of 
the machine is large as compared with its performance. The perform- 
ance may be increased by running the machine on a closed cycle with 
higher pressure ; for example, cold air may be delivered to a coil of 
pipe in a non-freezing salt solution, from which the air abstracts heat 
through the walls of the pipe and then passes to the compressor to be 
used over again. The machine may then be used to produce ice, or the 
brine may be used for cooling spaces or liquids. A machine has been 
used for producing ice on a small scale without cooling. water on the re- 
verse of this principle ; that is, atmospheric air is first expanded and 
chilled and delivered to a coil of pipe in a salt solution, then the air is 
drawn from this coil, after absorbing heat from the brine, compressed 
to atmospheric pressure and expelled. 

Calculation of Air Refrigerating Machine. — The performance of a 
refrigerating machine may be stated in terms of the number of thermal 
units withdrawn in a unit of time, or in terms of weight of ice produced. 
The latent heat of fusion of ice may be taken to be 80 calories, or 744 
B.T.U. 

Let the pressure at which the air enters the compression cylinder be 
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/i, that at which it leaves be p, ; let the pressure at cut-off in the ex- 
panding cylinder be /a. and that of back pressure in the same be /, ; let 
the temperatures corresponding to these pressures be l„ U, /j, and i^, 
or record from the absolute zero, T„ T^ 7~3, and 7",. With proper valve 
gear and large, short pipes communicating with the cold chamber,/, 
may be assumed to be uqual to />„ and equal to the pressure in that 
chamber. Also A may be assumed to be the temperature maintained in 
the cold chamber, and /j may be taken to be the temperature of the air 
leaving the cooler. With a good cut-off mechanism and large passages 
ft may be assumed to be nearly the same as that of the air supplied to 
the expanding cylinder. Owing to the resistance to the passage of the 
air through the cooler and the converting pipes and passages, /j is con- 
siderably less than /,. 

The expansion in the expanding cylinder may be assumed to be 
adiabatic, so that 



Were the compression also adiabatic, the temperature /j could be de- 
termined in a similar manner; but the air is usually cooled during com- 
pression, and contains more or less vapor, so that the temperature at 
the end of compression cannot be determined from the pressure alone, 
even though the equation of the expansion curve be known. 

Let the air passing through the refrigerating machine per minute be 
M; then the heat withdrawn from the cold room is 

Q,^Mc^(t,-U). (I) 

The work of compressing jTf units of weight of air from the pressure 
Pi to the pressure pi in a compressor without clearance is 
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provided that the compression curve can be represented by an expo- 
nential equation. 

The work will be the same for a compressor with clearance if the ex- 
ponent for the equation to the expansion curve is the same as that for 
the compression curve. If the compression can be assumed to be adia- 
batic, 



W,=>Mp,Vi- 
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for in such case we have the equation 



«c-l 



The work done by the air in the expanding cylinder should be calcu- 
lated in the manner used in designing a steam engine. If the ex- 
pansion and compression are both complete, then the work done by 
M units of weight of air is 

^• = ^(4-0. (4) 

The work that must be supplied per minute is 

and the net horse-power required is 

W 
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but the gross horse-power required is much larger, since all the frictional 
resistances must be overcome, including the friction of *both pistons. 

The proper allowance can readily be determined on a machine with a 
steam engine coupled direct, by indicating both of the air cylinders and 
the steam cylinder simultaneously. The heat carried away by the cool- 
ing water is 

Q^Q,^-AW, (S) 

If compression and expansion are both adiabatic, then 

e = i«/i:,(/i-/4 + ^-A-4 + /4) = ^^,(/«-'4). (6) 

« 

If the initial and final temperatures of the cooling water are /< and 
tio and if q^ and ^» are the corresponding heats of the liquid, then the 
weight of cooling water per minute is 

9 k- qi 

A good supply of cooling water and a method of regulating it, should 
be provided ; so that an approximate calculation may be made for every 
case, under the assumption of adiabatic compression and expansion by 
the equation 
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The volume of compression piston displacement regulating clearance is 



in which n is the number of revolutions per minute, and pa, v^ To are 
the pressure volumes and absolute temperature at atmospheric pressure 
and at freezing point. 

If it be assumed that/, is the same as/i, then the volume of the ex- 
panding cylinder without clearance m^y be assumed to be 

>. = ^.^- (9) 

If the clearance of the compressor is — of the piston displacement, 

then the volume of air in the cylinder when the inlet valve opens is 

and the volume calculated by equation (8) should be multiplied by 



'^-^ 



If the expansion and compression in the expanding cylinder are com- 
plete, the same expansion may be used to allow for clearance in that 
cylinder, making « equal to k. 

To allow for loss of pressure in valves and passage and for other im- 
perfections, both of these volumes may be increased by an amount to be 
determined by experiment. 

In practice, the expansion is seldom carried down to the back pres- 
sure in the expanding cylinder, nor is the compression complete, and the 
volume is smaller than that given by equation (9). 

The temperature T^ may be controlled by the cut-oflf of Jhe expand- 
ing cylinder, and thus the performance of the machine may be varied. 

As the cut-ofF is shortened, p^ is increased and T is diminished, and 
this in turn makes V, smaller compared with V^. 

Problem. — Required the dimensions of an air refrigerating machine 
to produce an effect equal to the melting of 200 pounds of ice per hour. 
Let the pressure in the cold chamber be 14.7 pounds, and the tempera- 
ture 32° F. Let the pressure at cut-off in the expanding cylinder be 
29.4 pounds by the indicator, or 44. i pounds absolute. Let the delivery 
■pressure in the compressor be 39.4 pounds by the indicator, i.e. let the 



I 
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loss of pressure in the cooler and passages be 10 pounds. Let the 
initial and final tenaperatures of the cooling water be 60** tod 80** F., and 
the temperature of the air from the cooler, 90** F. 

Let the machine make 60 revolutions per minute. 

The melting of 200 pounds of ice per hour is equivalent to 28,800 
B.T.U. per hour, or 480 B.T.U. per minute. 

Assuming adiabatic compression and expansion 

7; = 492-7f^j" = 36o; .-./«=- ioo.»7F. 

^'^^ ^92.7(^7^)'*= 714.9; .•.^= 254.^2 F. 

The air used per minute is therefore 

480 -!- (32 + 100.7) X 0.2375 = 12.10 pounds. 

The horse-power of the compression cylinder with an adiabatic com- 
pression is 

W, 12.1 X 773 X 0.2375 X (254.2 - 32) ,^^„p 
33000 ZZOOQ ^ 

If the compression curve may be represented by 

pv^^ = const., 

then the work of compression will be 

^-^ V** — I l = 49,230 foot-pounds, 

and the horse-power is therefore 14.0. 

The horse-power of the expanding cylinder is 

^. 12.1 X 778 X 0.2375 X (32 4- 100.7) ^^„p 

^ ' = Q.O rl.r, 

33000 33000 ^ 

The net horse-power required is therefore 6 H.P. or 5 H.P., and the 
indicated horse-power of the steam cylinder may be assumed to be 8 
H.P., or 6| H.P., according to the manner of the compression. 

The volume of the compression piston displacement without clear- 
ance will be 

12.1 X 12.4 , . r . 

= 1.25 cubic feet 

120 ^ 

The volume of the expanding cylinder under the same condition is 

360 
1.25 X — — = 0.91 cubic feet 
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If the clearance of the compressor be assumed to be 0.02, the piston 
displacement should be 



If the clearance of the expanding cylinder be assumed to be 0.05, the 
piston displacement should he 



<m' 



Q.96 cubic feet. 



If, further, an allowance of ten per cent be made for imperfections, 
the dimensions may be: diameter, compressor, 17 inches; diameter, 
expanding cylinder, 14 inches ; stroke, 12 inches. 

Compression Refrigerating Machine. ~~'X\'i^ arrangement of a refrig- 
erating machine using a volatile liquid and its vapor is shown by Fig. 5. 




DDDDDDDDD 



Fia 5, 

The essential parts are the compressor A, the condenser B, valve D, 
and the vaporizer C. The compressor draws in the vapor at a low pres- 

; and temperature, compresses it and delivers it to the condenser, 
which consists of coils of pipe surrounded by cooling water that enters 
at.f and leaves at f. The vapor is condensed, and the resulting liquid 
gathers in a reservoir in the bottom, from whence it is led by a small 
pipe having a regulating valve D to the vaporizer or refrigerator. The 
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refrigerator is also made up of coils of pipe, and ts immersed in a non- 
frcczing solution of sati, commonly chloride of calcium. 

The volatile liquid vaporizes and withdraws heat from the surround- 
ing brine, and reduces the temperature below freezing point of water. 
In the figure, the machine is represented to be applied to ice making, 
the water being introduced and frozen in properly shaped moulds of 
thin metal. 

When the machine is used to cool a room, the vaporizer may be 
made up of a system of pipes arranged to withdraw heat from the air, or 
brine may be cooled and circulated through such a system of pipes. 
When brine is used, either in ice making or in cooling, a positive circO'' 
lation should be given it by a pump or the equivalent. 

In Fig. s, the compressor is represented as single acting, but for 
horizontal machines it is commonly made double acting. Frequently the 
compressor has two single-acting vertical cylinders driven by a horizon- 
tal steam engine coupled to the shaft. Such compressors sometimes 
have the clearance filled with oil, of which part is forced through the 
delivery valves, and allowed to flow back into the cylinder during the 
inflow of vapor. In any case, it is of great importance that the clear- 
ance shall be reduced to the smallest amount possible. To make the 
cycle of the machine complete, the liquid from the condenser should t>e 
allowed to do work in an expansion cylinder like that of an air refrig- 
erating machine, instead of flowing through the regulating valve D. 
The ^ize of such a cylinder would be small, and the work recovered, 
significant, so that none of the machines in use are provided with s 
an expansion cylinder. 

Calculation of Compression Machine. — Let the pressure in the con- 
denser be/,, the temperature /,, and the heat of the liquid q^. Let the 
pressure in the vaporizer or refrigerator be/s, the temperature tt, and 
the total heat of vaporization Xj. The heat withdrawn from the refriger- 
ant to change one unit of weight of liquid at the temperature /, into 
saturated vapor at the pressure /i is 

so that the heat withdrawn per minute by a machine using M units of J 
weight of the working fluid per minute is 

Even though the compressor cylinder be water-jacketed, the walls: I 
are at a considerably higher temperature than the entering vapor, and I 
the pressure during admission is a little lower than that in the vapo-J 
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rizcr. Also, most of the vapors now used in such machines are super- 
heated by adiabatic compression. Therefore it is probable that the 
vapor is superheated during compression, even though it be moist as it 
leaves the vaporizer. For an approximate calculation it may be assumed 
that the pressure in the cylinder during admission is /j, that the vapor 
is dry and saturated at the beginning of compression, and that it is com- 
pressed adiabatically and superheated during the entire compression. 

It will be shown that ammonia and sulphur dioxide, when moderately, 
superheated, have the approximate characteristic equation 

fv = ST-Cf^, (1,) 

and that during an adiabatic change we have the equation 



<if 



(.2) 



During the expulsion of vapor from the compressor, the pressure in 
the cylinder is a little higher than in the condenser, but it may be 
assumed to be the same for our approximate calculation. The tem- 
perature of the vapor leaving the compressor and entering the conden- 
ser may consequently be calculated by the equation 



^r(^- 



(13) 



The heat that must be withdrawn by the cooling water is, therefore, 

Q = M\c,{t.-t,) + r,\, (.4) 

in which Cp is the specific heat of the superheated vapor, at constant 
pressure, and r, is the heat of vaporization at the pressure /,. 

If the initial and final temperature of cooling water are t, and tt, and 
if qt and q, are the corresponding heats of the liquid for water, then the 
weight of cooling water used per minute is 



^/>„(/.-/i) + r. 



(15) 



For the first approximation, the horse-power of the compressor may 
be calculated by the expression 

778X^}f,(/.-A)-fA.-X,{ , , 
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The power thus calculated should be multiplied by a factor to be 
found by experiment, in order to find the probable indicated horse- 
power of the compressor, and the indicated horse-power must be multi^ 
plied by another factor to find the power required to drive the machine, 
or by a factor to find the indicated horse-power of a steam engiiie 
coupled to the shaft driving the compressor. If the actual pressure in 
the cylinder of the compressor during admission and delivery are/" and 
. /', if the specific volume at the beginning of compression is v", and if 
the compression and expansion curves may be represented by the 
equation 

then the horse-power of the compressor may be found by the expression 



33000 n-i\\f) i . V '^ 

If the vapor at the beginning of compression can be assumed to be 
dry and saturated, then the volume of the piston displacement of a 
compressor without clearance, and making N strokes per minute, is 

r=^. (18) 

To allow for clearance, the volume thus found may be multiplied by 
the factor 



m\pj m 



' + «, 

in which — is the clearance expressed as a fraction of the piston dis* 

placenient. The volume thus found is further to be multiplied by a 
factor to allow for inaccuracies and imperfections. The vapors used in 
the compression machines are liable to be mingled with air or moisture, 
and in such case the performance of the machine is impaired. To allow 
for such action, the size and power of the machine must be increased 
practice above those given by calculation. It would appear that proper 
precautions ought to be taken to prevent such action from becoming of 
importance. 

Problem. — Required the dimensions of an ammonia refrigerating 
machine to produce 2000 pounds of ice per hour. Let the temperature 
of the salt solution be 14** F., and the temperature in the condenser 86** F. ; 
let the initial and final temperatures of the cooling water be 60** and 
80** F. Let the compressor be double acting, and let it make 60 revo- 
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lutions per minute. The pressures corresponding to the temperatures 
14° and 86° are 41.5 and 168.2 pounds, absolute, per square inch; or 
26.8 and 153.8 pounds by the gauge. For ammonia * = J mm. by 
equation (13) . 



?: = (14 + 460.7) 



■ i.= 



!I3°F. 



4'.5. 



= 673'7r 



If s per cent be allowed for ice wasted in removing it from the 
moulds, and for other losses, the capacity of the machine per minute 
must be 

^^ -= 5040 B.T.U. 



60 
-•■ Q\= 5040 = M{)^ ~ ?i) = .^(554 - 

_ 5040 _ 



59)- 



'.M=^- 



10.2 pounds. 



The heat withdrawn by the cooling water is 

Q = M\c,{t.-t,)^r,\; 

e=io.aJo.so8(3i3-86) + 497i = 5717 B.T.U. 
The cooling water required per minute is consequently 






57'7 



48.09 — 28.1 
The horse-power will be, approximately. 



187 pounds. 



H556-'97i _ 



33000 33000 

The horse-power of the steam cylinder may be assumed to be 

77.8-5-0.80 = 97.2. 

On the assumption that the vapor in the compressor is dry and sat- 
urated at the beginning of compression, the volume of the piston dis- 
placement, not allowing for clearance, is 



N 



°-' ^ 7-°5 



= 5.15 cubic feet 



If we allow 10 per cent for the effect of clearance and imperfect ac- 
tion, then the volume should be 5.7 cubic feet, or about 20j^ inches in 
diameter by 30 inches, stroke. 
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Fluids Available. — The fluids that have been used in compression 
refrigerating machines are ether, sulphurous acid, ammonia, and a mix- 
ture of sulphurous acid and carbonic acid, known as Pictel's fluid. 

The pressures of the vapors of these fluids at several temperatures,^ 
and also the pressures of the vapors methylicether and carbonic acid are-) 
given in the followiag table : — 



Pressures of Vapors (mm. of Mercury). 



I 







Elhn. 


Sulphut 
dniidc. 


MelhrlMlier. 


-"- 


CfOm 


Pielt>*t eoid. 


-30 


— 


287-6 


676.6 


860.1 


^ 


586 


-20 


68.9 


479.5 


882.0 


1392.1 


1E142 


715 


-10 


114,7 


762.5 


1300,0 


2144,6 


20340 


1018 





1S1.4 


1166.1 


18TU.0 


3183.3 


26907 


1301 


10 


280.8 


1710.0 


2829.0 


4674.0 


34999 


1938 


20 
30 ' 


* 432.8 


2102,1 


3586,0 


6387,8 


44717 


2584 


634.8 


3431.8 


4778,0 


8701,0 


50119 


3382 


40 


907,0 


4070.2 


- 


11505.3 


69184 


4347 



Ether was used in the early compression machines, but at the tei 
pcratures maintained in the refrigerator, the pressure is small and tl 
specific volume large, so that the machines were either feeble or bulky; 
Moreover ail»was liable to leak into the machine and unduly heat thi 
compressor cylinder. Sulphurous dioxide has been used successfully, 
but it has the disadvantage that sulphuric acid may be formed by the 
leakage of moisture into the machine, in which case rapid corrosion 
occurs. Ammonia has been extensively used in the more recent ma- 
chines with good results. When distilled from an aqueous solution it 
liable to contain considerable moisture. As is shown by the tabli 
Pictet's fluid has a pressure at low temperatures intermediate bctwei 
the pressures of sulphuric dioxide and ammonia, and the pressi 
increases slowly with the temperature. 

The properties of saturated vapor of ether were determined by Reg- 
nault. For the other vapors given in the table (except Pictet's fluid), 
he determined the relations of the temperature and pressure, but not 
the total heat of refrigeration nor the heat of the liquid. He di* 
however, determine some of the properties of these substances in tl 
gaseous state, or more properly, in the state of superheated vapoi 
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It was first proposed by Ledoux* that the properties of superheated 
vapors of sulphur dioxide and ammcmia can be represented by equa- 
tions of the form deduced by Zenner for superheated steam, and that 
the application of those equations to the saturated vapors as the 
limit, makes it possible to calculate the properties of the saturated 
vapors approximately. His equations do not represent all the prop- 
erties of the saturated vapors given by Regnault ; consequently new 
equations have been calculated for both French and English units. 

Properties of Sulphur Dioxide. — The specific heat of gaseous 
sulphur dioxide is given by Regnaultf as 0.15438, and the coefficient 
of dilatation as 0.0039028. The theoretical specific gravity compared 
with air, calculated from the chemical composition, is given by Landolt 
and Bornstein J as 2.21295. Gmelin § gives the following experimental 
determination, by Thomson, 2.222 ; by Berzilius, 2.247. The figure 
2.23 will be assumed in this work, which gives for the specific volume 
at freezing point and at atmospheric pressure 



o-77353J7 _ 



0-347 



cubic meters. The corresponding pressure and temperature are 10,333, 
and 273°.7 C. Now the coefficient of dilatation is the ratio of the in- 
crease of volume at constant pressure for one degree of increase of tem- 
perature, to the original volume. The general equation for a super- 
heated vapor may be written 

pv = ^aT~Cp'; (20) 

consequently we have 0° C. and 1° C. 

t.v.= ''.T.-c,:. 



^^^ Su 



L 



A p„v. 



Substituting the known values and solving for a, we obtain 0.2I2 ; 

but the results obtained from the equation (20) with this figure does not 
agree well with Regnault's experiments on the compressibility of sul- 
phur dioxide. 



Annals de Mines, 1878. f Memoirs de ll Institut de France, Tome xi 
I Phjrsikalische-cbcmiscbc Tabcllca. g Watt's tianslation, p. 3i 
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If, instead, we make 

tf = 0.22, 

then by equation (20) the coefficient of dilatation becomes 0.00404, and 
it will be shown later that the equation deduced with this volume agrees 
quite well with the experiments on compressibility. 
The coefficient of T in equation (20) is therefore 

0.15438 X 426.9 X 0.22 = 14.5, 
and the coefficient of /• is 

145 X 273-7 - 10333 X 0-347 



-OJS 



=s 48 nearly, 



10333 
so that the equation becomes 

/z; = 14.S r- 48/^. (21) 

Regnault found for the pressures 

p^ =s 697.83 mm. of mercury, 
A = 1341.58 mm. of mercury, 

and at 'j!^'j C, the ratio 

4^* =1.02088. 

Reducing the given pressures to kilogrammes on the square inch and 
the temperatures to the absolute scale, and applying to equation (20), 
we obtain instead of the experimental value for the above ratio 1.016. 

Regnault gives for the pressure of saturated sulphur dioxide, in mm. 
of mercury, the equation 

log/ = tf — Ai* — cpT \ 

tf = 5.6663790; 
log ^ = 0.4792425; 
log r = 9.1659562 — 10; 

log a = 9.9972989 — 10 ; 
log j8 = 9.98729002 — 10 ; 
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The differential coefficient may be calculated by the following 
equation : — 

loga=*9.g97it 
log ^ = 9.98719002; 
log^ = 8.6353i46; 
log5=7.994533j; 

The specific volume of saturated sulphur dioxide may be calculated 
by inserting in equation (21) for the superheated vapor, the pressures 
calculated by aid of the equation at the bottom of page 340. The results 
at several temperatures are as follows ; — 

/ -3o°C. o +3o°C. 

■ 5 0.S292 0.2256 0,0815 

Andr^eff • gives for the specific gravity of fluid sulphur dioxide 
1.4336. Consequently the specific volume of the liquid is 



The value of r, the heat of vaporization, may r 
the given temperatures by equation (22). 

dt 

in which 



The results are 



-30° c. 
106.9 



Within the limits of error of our method of calculation the value of 
r may be found by the equation 

^=98-0.27/. 

To find the specific heat of the liquid, we may use equation (23) f, 
obtained by equating expressions for the differential coefficient of the 
entropy of saturated steam and superheated steam. 

P di) 

'Ann. Chem. Phaim,, 1859. t Thermodynuiiict of the Sleam Engine, p. tjo. 
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At o** C. the specific heat is approximately 

C=o4. 
In English units we have for superheated sulphur dioxide 

po- 26.4 T- 184/^; (24) 

the pressures being in pounds on the square foot, the volumes in cubic 
feet, and the temperatures in Fahrenheit degrees absolute. 

For pressures in pounds on the square inch at temperatures in Fahr- 
enheit scale 

log/ = a — Ai* — cfr \ 

« = 3-9527847; 
log ^ = 0.4792425; 

log ^ = 9.1659562 — 10; 

log a = 9.9984994 — 10 ;. 

log fi = 5U99293890 — 10 ; 

«=s/+i8^4F. 

For the heat of vaporization 

r=i76-.o.27(/-32), (25) 

and for the specific heat of the liquid 

c = 0.4. 

Properties of Ammonia, — The specific heat of gaseous ammonia, 
determined by Regnault, is 0.50836. The theoretical specific gravity 
compound with air, calculated from the chemical composition, is given 
by Landolt and Bomstein as 0.58890. Gmelin gives the following ex- 
perimental determinations, by Thomson, 0.5931; by Biot and Arago, 
o. 5967. For this work the figures o. 597 will be assumed, which gives 
for the specific volume at freezing point and at atmospheric pressure 

^, _ 0-7735327 _ , ^^ 

ZfQ= = 1.30 

0.597 ^ 

cubic metres. The coefficient of dilatation has not been determined, 
and consequently cannot be used to. determine the value of a in equa- 
tion (20). It however appears that very consistent results are obtained, 
if tf is assumed to be i, as for superheated steam. The coefficient of T 

then becomes 

0.50836 X 426.9 X J = 54.3, 



1 889.] Refrigerating Machines. 

and the coefficient of/* is 

54.3 X 273-7- 10333 X '-30 ^1^ 

SO that the equation becomes 



142/i. 



(.6) 



The coefficient of dilatation calculated by the same process as that 
used in determining a for sulphur dioxide, is 0.00404, which may be 
compared with that for sulphur dioxide. 

Regnault found for the pressures 

p^= 703.50 mm. of mercury, 
Pt= '43S-3 '•^™- of mercuiy. 



and at 8°,l C, the ratio 



PJ\. 



while equation (26) gives under the same conditions i.020a 
For saturated ammonia, Regnault gives the equation 

log / = a — Ai" — f/3". 
= 11.5043330; 
logi = o.872i769; 

Iogf = 9.g777o87- 
1020 = 9.9996014- 
log^ = 9.9939729- 

by aid of which the pressures in mm. of mercury may be calculated for 
temperatures on the centigrade scale. The differential coefficient may 
be calculated by aid of the equation 



pdt 
log ^ = 8 



8.163517O— 10 
log .5 = 8.482 2485 — 10 

log a = 9,9996014 — 10 

log ^ = 9.9939729 -10 



= /+: 



("C. 
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The specific volumes of saturated ammonia calculated by equation 
(26) at several temperatures are 

s 0.9982 0.2961 0.1 167 

Andr6eff gives for the specific gravity of liquid ammonia at o* C, 
0.6364, so that the specific volume of the liquid is 

(Ts: O.OOl6. 

The values of r at the several given temperatures calculated by equa- 
tion (26) are 

-30° c. o +30°C 

r 325-7 300-15 277.5 

which may be represented by the equation 

r= 300 — 0.8/. (27) 

The specific heat of the liquid calculated by aid of equation (180)* is 

^= I.I. 

In English units the properties of superheated or gaseous ammonia 
may be represented by the equation 

/t^ = 997'-54o/, (28) 

in which the p^'essures are taken in pounds on the square foot, and vol- 
umes in cubic feet, while T represents the absolute temperatures in 
Fahrenheit degrees. 

The pressure in pounds in the square inch may be calculated by the 

equation 

log/ = tf — Ai* — ^j8*. 

a = 9-7907380 ; 
log b = 0.872 J 769 — 10 ; 
log ^ = 9.9777087— 10; 
log a = 9.9997786 — 10 ; 
log )8 = 9.99665 16 — 10; 

« = /-f7^6F. 

The heat of vaporization may be calculated by the equation 

r=540-o.8(/-32) (29) 

and the specific heat of the liquid is 

C=s I.I. 

* Thermodynamics of the Steam Engine. 
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Pictet's Fluid. — Attention has already been called to the mixture of 
sulphur dioxide, carbon dioxide, known as Pictet's fluid, which was 
adopted by Pictet for use in his refrigerating machines after an 
extended investigation. 

The desirable properties are stated by him to be : — 

1. The tension of the vapor should be greater than that of sulphur 
dioxide and less than that of ammonia. The boiling point under atmos- 
pheric pressure should be about — 20° C. 

2. The tension of the vapor in the condenser at about +30° C, 
should be between 7 and S atmospheres. 

3. The fluid should be incombustible. 

4. The fluid should not attack metals. 

5- The fluid should have such a chemical composition that changes 
of volatility during use need not be feared. 

6. The fluid should be of an unctious nature, so that oil need not be 
used on the piston of the compressor. 

7. The fluid should be inexpensive. 

An investigation of the properties of various fluids shows that the 
addition of oxygen to any compound, whether it entered in solution 
or into chemical combination, diminished the volatility. Thus carbon 
monoxide boils at — 140° C, while carbon dioxide boils at — 75° C. ; 
sulphur dioxide boils at — 10° C. and anhydrous sulphurous acid boils 
at 4- 32" C, while the hydrate boils at +326° C. 

Other examples are given by Pictet, showing the same result. As a 
result of experiments on the mixture of sulphur dioxide and carbon di- 
oxide, he gives the following table of boiling points. The formula ex- 
presses the proportion of the elements in the mixtures, but are not to 
be taken to represent chemical compounds. 
Boilmg Point. 



co,s 



-54 



Boiling Point C. 



CO,S, 
CO,S, 

CO,A 

co"„s, 
CO,A 



The mixture, which may properly be expressed by the formula 
COi + SOt, was found to fulfil all the seven desirable properties. And 
as is shown by the table on page (338), the pressure increases less 
rapidly with the temperature than for simple vapors ; so that while the 
pressure at — 30° C. is double that of sulphur dioxide, the pressure at 
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+ 30''C. is a little less than that of that fluid. This remarkable property 1 
appears to be due to the increased solvent action of the two fluids c 

each other at higher pressures, which acts to diminish the mechanical I 

work of compression from one temperature to another ; for example, in ] 
the compressor of a refrigerating machine. 

Absorption Refrigerating Apparatus, — Figure 6 gives an ideal dia- 1 
gram of a continuous absorption refrigerating apparatus. It consists of J 
the following essential parts : (i), the generator B containing a concen- 
trated solution of ammonia in water, from which the ammonia is driven J 




by heat ; (2), the condenser C, consisting of a coil of pipe in a tank 
through which cold water is circulated ; (3), the valve V for regulating 
the pressures in Cand in /; (4), the refrigerator /, consisting of a coil 
of pipe in a tank containing a non-freezing salt solution ; (s). the ab- 
sorber A, containing a dilute solution of ammonia in which the vapor of 
ammonia is absorbed ; and (6), the pump/* for transferring the solution 
from the bottom of A to the top of B\ there is also a pipe connecting 
the bottom of B with the top of A. It is apparent that the condenser 
and refrigerator or vaporizer correspond to the parts B and C of Fig. 
5, and that the absorber and generator take the place of the com- 
pressor. The pipes connecting A and B are arranged to take the most 
concentrated solution from Ato B and to return the solution from which 
the ammonia has been driven from B to A. In practice, the generator 
B is placed over a furnace, by which heat is applied to drive off the 
ammonia. Also, arrangements are made for Iransfering heat from the 
hot liquid flowing from 5 to .^, to the cold liquid flowing from A to B. 
As the ammonia is distilled from water in B the vapor driven off 
contains some moisture, which causes an unavoidable loss of efficiency. 
The earliest absorption apparatus, made by Carre, consisted of a cylin- 
drical receptacle containing a solution of ammonia, and acting alternately 
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as generator and absorber, in open communication through a pipe with 
a vessel of double conical form, acting alternately as condenser and re- 
frigerator. In use, the generator was placed on a furnace, and the con- 
denser in a tank of cold water, and the ammonia driven off from the 
solution condensed between the inner and outer conical surface of the 
condenser. When a sufficient amount of liquid ammonia had collected, 
the vessel containing the solution was transferred to the furnace to the 
cold water tank, and became thereby changed into the absorber. The 
condenser at the same time became the vaporizer or refrigerator, and 
after receiving a mold containing water to be frozen, was securely 
wrapped with non-conducting material. Apparatus of this kind is only 
fitted for work on a small scale, and is inefficient. An adaptation of 
Carre's apparatus has been used in refrigerator cars for carrying perish- 
able freight. In the car are placed two receptacles, one containing liquid 
ammonia, which maintains a low temperature by vaporization, and the 
other containing water to absorb the ammonia as it is formed. At the 
end of the route, or when necessary, the receptacles are recharged one 
with liquid ammonia, and the other with fresh water The ammonia in 
the rejected solution is regained by distillation 

Vacuum Refrigerating Apparatus. — A form of absorption apparatus 
uses water for the volatile liquid and concentrated sulphuric acid for the 
absorbent. From the fact that vapor of water at freezing point has a 
very low tension, such apparatus arc called vacuum apparatus The 
first apparatus of this kind was de- 
signed for freezing water in carafes, 
and consisted of a good air-pump, 
and a receptacle containing oil of 
vitriol. The carafe, well wrapped in 
non-conductor, was attached to a 
pipe leading to the sulphuric acid re- 
ceptacle, the pump was worked till a 
good vacuum was produced, and the 
acid was stirred to present fresh acid 
to the vapor, which rapidly streamed 
from the water at the low pressure ' 
produced. The vaporization of about 
one-sixth of the weight of the water 
was found to be sufficient to freeze 
the remainder. 

An ideal sketch of' a continuous [ 
vacuum apparatus is shown by Fig. 7. 
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At B is an air-pump, capable of producing a vacuum of one or two ram, 
of mercury in the chamber AC, At H there is a tank of concentrated 
sulphuric acid, from which a spray is delivered at J, The acid absorbs 
the vapor formed in the chamber at the low pressure existing there, 
gathers in the tank y, and flows oiit through the pipe AT, which is 
of sufficient length to deliver the acid against atmospheric pressure 
in the tank Z. The dilute acid is reconcentrated and returned to tank 
H. At C? is a pipe supplying fresh water, which passes through the 
water injector s, and throws a jet of salt solution into the chamber at A, 
The finely divided jet looses fresh water by vaporization, is chilled, and 
gathers in the bottom of the chamber. The salt solution flows through 
the pipe F in the cold chamber EE^ taking up heat on the way, and is 
again thrown into the chamber with a fresh supply of water from the 
pipe G. At N and N are screens to prevent splashing of water into the 
upper part of the chamber. 
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CONDENSATION OF BENZYL CYANIDE AND ITS SUB- 
STITUTION PRODUCTS WITH ALDEHYDES AND 
^^WITH AMYL NITRITE. 



^^H By HOWARD V. FROST. S.B., Ph.D. 

Note. — Tbe ratlowing is > [lanslation of article in the Annalta der Chemit, Band 250, 
p. 156. The work was done in GSltiDEen. 

In the course of his work over benzyl cyanide and its derivatives 
obtained by substitution, Professor Victor Meyer needed a method by 
which the benzyl cyanide itself could be separated quickly from its 
homologues formed by substitution in the raethylen group, which have 
quite the same properties. In the experiments undertaken for this 
purpose, he found two reactions, which, on account of their smooth 
way of taking place, required further study. 

If one mixes benzyl cyanide with oil of bitter almonds and adds 
Claisen's means of condensation, — an alcohol solution of sodium ethyl- 
ate, — the mixture solidifies after quite a short time, forming crystals of 
the product 

C,H,- CH = C(CnHj)- CN 
(a phenylcinnamic add niltile). 



The action of nitrous acid on benzyl cyanide is almost quantitative 
in its results, and not less elegant than the foregoing reaction. 

Also, here the reaction was brought about through Claisen's means 
of condensation. 

If benzyl cyanide, amyl nitrite, and sodium ethylate are mixed, there 
is formed, under strong evolution of heat, a crystalline mass of the com- 
bination 

CoH.-(CN)C(=NONa). 

The first of these reactions has served frequently since that time for 
the separation of benzy^ cyanide from its homologues formed by substi- 
tution in the methylen group (which are thereby not at all attacked). 

The second takes place with homologues in a complicated way and 
has been studied hitherto only with benzyl cyanide itself. 

The closer study of the products formed by these two reactions, as 
well as the extended use of the reactions on other aldehydes and on dif- 
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icfcnl derivatives (rf bnujl cyanide and brmair alddjnd^ -wasb 
over to n>e bjr ProicHar Victor Meyer. 
The CoUowiiig are the remlu of my 




Bexztl Ctasioc asd Aloebtzks. 
a PlunyUiniamk Add S'UriU. 

About J cb. cm. of a twenty per cent sodinm 
were added to a mixture <A to grmi. benzyl cyanide and 9.5 giBS. 
benzoic aldehyde under ihaking. Under lively evoliitioa of heat Aoe 
fepzratod out, almost tiutantly, a white crystaHiDe ntaas. which after a 
short time was placed on a filter, washed with distilled water, then wttli 
ordinary alcohol, in order to remove any unchanged benzyl cyanide and 
benzoic aldehyde 

The substance crystallizes oat of boiling alct^ol in white, leaf4ike 
crystals. The crystals, after being pressed and dried over solphinic 
acid, showed the melting point 86"; the boiling point lies at 359-360' 
(corr.), Thcf nilrile is insoluble in cold and hot water, slightly soluble 
in cold alcohol, and easily soluble in ether, carbon bisulfdiide, chloro- 
form, benzol, and hot alcohol. 

I, 0.2428 grm. substance gave 0.7806 grm. carbonic acid gas and 
0.I20I grm. water. 

II. 0,2062 grm. substance gave 12.2 cb. cm. nunst nitrogen, at 16* 
and 755 mm. pressure. 

CalcobMdbr 

CH. - CH - C(c;h^ -cm. rosad. 

Carbon 87.8 87.7 

Hydrogen .... 5.37 5.5 

Nitrogen 6.83 6,85 

In order to characterize the above nitrile, as an unsaturated com- 
bination, the bromine and chlorine addition products of the same were 
produced. 



Bromine Addition Product. 

In a carbon bisulphide solution the nitrile took bromine on easily, 
and changed itself over into a white crystalline powder, which when 
heated became brown and melted soon afterward at 129-130°, 
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0.2212 grm. gave, according to Carius, 0.2267 silver bromide. 

CH, - CHBr- CIJr[Q,H() - CN. Found. 

Bromine ...... 43.84 43-58 



Chlorine Addition Product. 

By saturating the carbon bisulphide solution of the nitrile with 
chlorine gas, and allowing it to stand several days, the chlorine addition 
piDduct was obtained in the form o£ white needles, which melt at 
167-168°. 

0.3208 grm. gave, according to Carius, O.325 silver chloride. 

CH,-CHa-Ca(CH,)CN. Found. 

Chlorine 25.73 25.07 

By the saponification of the nitnle with alcoholic potash, the 
a phenylcinnamic acid was obtained. Its melting point was observed 
at 167°, while the same ought to lie at 169-170°. The difference can 
be explained, on the grounds that the reaction does not take place 
smoothly, and that much resinous matter is formed, from which the 
acid itself cannot be separated completely. 



Ftirfurol and Bensyl Cyanide. 

Benzyl cyanide furnishes with furfurol, under the influence of 
Claisen's reagent, a phenyl-furfuracrylic acid nitrile, which melts 
smoothly at 42-43°, and corresponds to the a phenylcinnamic acid 
nitrile in its general properties. 

0.306 grm. gave 19.05 cb, cm. moist nitrogen, at 6.5° and 744 mm. 
pressure. 

QHiO - CH = CiC.H,) - CN. Found. 

Nitrogen 7.18 7.42 



The addition of bromine takes place in a carbon bisulphide solution, 
under lively evolution of heat. The addition product appears in orange- 
colored six-sided plates, which melt at 113-114°. 

0.2312 grm. gave, according to Carius, 0.2456 silver bromide. 



Calculiled for 
C,H,0 - CHBr - CBr[CHj)CN. 

Bromine 45-°7 
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The analogous chlorine addition product could not be obtained, in 
spite of repeated trials, and by the saponification of the above a phenyl- 
furfuracrylic acid nitrile only resinous products were formed 



Anisic Aldehyde and Benzyl Cyanide 

furnished, in the same way, the a phenyl-derivative of the anisacrylic 
acid nitrile, which appears in white needles of melting point 93^ The 
same resembles in regard to its properties both of the foregoing con- 
densation products. 

0.2II grm. gave ii.i cb. cm. moist nitrogen at 6** and 749^^ mm. 
pressure. 

Calculated for 
CsH4(OCH») - CH = C(C,H^ - CN. Found. 

Nitrogen 6.0 ..... 6.3 

The bromine and chlorine addition products of this nitrile could not 
be obtained ; also the a phenylanisacrylic acid, in pure form, could not 
be obtained by the saponification of the same. 



Metanitrobenzoic Aldehyde and Benzyl Cyanide. 

The condensation product, obtained from these, was yellow and 
crystalline, the melting point of which is 133-134®. 

0.2026 grm. gave 19.8 cb. cm. nitrogen, at 14** and 753J mm. pressure. 

Calculated for 
CsH4(NO,)CH-C(C»Hb)-CN. Found. 

Nitrogen 11.2 11.4 

The bromine addition product, belonging to the above, is a straw- 
colored crystalline easily decomposable powder, which melts at 127-128®, 
under evolution of bromine. 

0.3222 grm. gave, according to Carius, 0.2916 silver bromide. 

Calculated for 
CsH4(N0,) - CHBr - CBr(CeH,) - CN. Found. 

Bromine 39*02 38*52 



• Orthonitrobenzoic Aldehyde and Benzyl Cyanide 

furnished the analogous combination in compact yellow needles, melt- 
ing at 127-128®. 
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0.2239 grm. gave 24. i cb. cm. nitrogen, at 9° and 753^ mm, pressure. 



C,H,(NO,)-CH = C|C,HJ-CN. 

Nitrogen u.i 



By treating this a phenylorthonitrocinnamic acid nitrile with 
bromine, there was obtained an uncrystalline product out of alcohol ; 
but because the same showed no smooth melting point {bromine being 
evolved in the vicinity of 129°), no analysis was undertaken. 



Paranitrobenzoic Aldehyde and Benzyl Cyanide. 

The corresponding paracombination was obtained as a 
colored powder, melting at 117—118°. 

0.2092 grm. gave 19.9 cb. era. nitrogen, at 13° and 754 mm 

Calculiled for 
C,H,(NO,) - CH - C(CM,) - CN. Found. 

Nitrogen 11. 2 it. 16 

Trials to add bromine or chlorine onto this parade rivative 
resultless ; therefore it appears that of the three a phenylnitrt 
add nitriles, only the metacombination reacts smoothly in this sense. 



Benzoic Aldehyde aud Parabrombenzyl Cyanide 
react smoothly with each other, forming a crystalline condensation 
product, which separated out of an alcohol solution in leaf-like scales, 
melting at iii~i iz". 

I. 0.2846 grm. gave 12,4 cb. cm. nitrogen, at 18° and 743 mm. 
pressure. 

II. 0.2865 gf™' gave, according to Carius, 0.1905 silver bromide. 

Calculiltd for 
CH,-CH=C{CH,Bt)-CN. Found, 

Nitrogen 4.93 4.92 

Bromine 28.17 28.31 



Fuffurol and Parabrombenzyl Cyanide. 

A crystalline combination was obtained very easily from these, 
appearing in fine silky glistening needles, having a melting point of 65°, 

I. 0.282 grm. gave 13.3 cb, cm. nitrogen, at 17.5° and 746 mm. 
pressure. • 
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II. 0.264 grm. gave, according to Carius, 0.18 grm. silver bromide. 

Calculated for 
QH/) - CH = C(C,H4Br) - CN. Found. 

Nitrogen 5. 11 5.35 

Bromine 29.19 29.01 

The addition of bromine takes place very quickly with the above 
a parabromphenylfurfuracrylic acid nitrile; the combination, so ob- 
tained, crystallizes in brown glistening needles, and melts, under evolu- 
tion of bromine, at about 212°. 

0.2882 grm. gave, according to Carius, 0.3728 silver bromide. 

Calculated for 
C4H,0 - CHBr - CBrCCeH^Br) - CN. Found. 

Bromine 55.3 55*03 



Anisic Aldehyde and Parabrombenzyl Cyanide 

furnished a condensation product in the form of needles, which melt 
at 135*". 

I. 6.2982 grm. gave 11.8 cb. cm. nitrogen, at 16® and 748 mm. 
pressure. 

II. 0.2756 grm. gave, according to Carius, 0.1662 silver bromide. 

Calculated for 
CsH4(OCH») - CH - C(C»H4Br) - CN. Found. 

Nitrogen 4.46 4.53 

Bromine 25.48 25.66 

The trials, in order to add bromine onto this last compound, a para- 
bromphenylaniscrylic acid nitrile gave a remarkable result. The nitrile, 
dissolved in carbon bisulphide, was allowed to stand one week with 
excess of bromine in closed flask at the temperature of the room. The 
mixture was then shook with soda solution to remove the excess of 
bromine, and after being washed with water evaporated. The residue 
was again treated with soda solution, and finally crystallized out of 
dilute alcohol 

Flat yellowish needles were deposited, which melt at i86^ 

0.2978 grm. gave, according to Carius, 0.2852 silver bromide. 

Calculated for 
Q,H«(OCHa) - CHBr - CBr(C8H4Br) - CN. Found. 

Bromine . . . . . 50.63 40«77 
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A second analysis gave the same per cent of bromine The latter 
corresponds closely with a combination CieH„NOBr^ which requires 
40.71 per cent Br. By the continued heating of the above bromine 
compound with sodium alcoholate, no recognizable amount of sodium 
bromide was formed ; therefore an atom of Br. has not been added to 
the CH group because it could be eliminated therefrom, but rather 
must have been substituted in one of the phenyl rests; therefore one 
of the following combinations was formed : — 

QHjBr^OCHj) - CH =C(C(H,Br) - CN 

or 

CH.COCH,) - CH = C(C,H,Brs) - CN, 

whose per cent of bromine, of 40.71, corresponds accurately with what 
was found, namely, 40.77. 

Isonitrosobensyl Cyanide. 
Equivalent weights of benzyl cyanide and amyl nitrite, 10 grms, of 
eac h) corresponding to the equation 

^H CbH^CHjCN + C.HuONO + C.HjONa 

^P = CaHiC = NONa ■ CN + CsH.,OH + CjH,OH, 

were mixed and placed in a cooling mixture. A theoretical amount of 
sodium alcoholate, 2 grms. sodium dissolved in 20 grms. absolute alcohol, 
was added. Immediately a transposition took place, accompanied with 
a considerable evolution of heat, and the light yellow sodium salt sepa- 
rated out so abundantly that finally the whole mixture solidified into a 
crystalline mass. The latter was placed on a filter, washed with alcohol 
and a little water, and then dried over strong sulphuric acid. Thus 
prepared, it appeared as a yellow powder, which is easily soluble in 
water and quite easily in alcohol. 

0.1713 grm. substance gave, after evaporation with chlorhydric acid 
in crucible and glowing, 0.0594 sodium chloride, corresponding to 13.53 
per cent sodium. 

C,Hj - (CN)C = NONi. Found. 

Sodium 13.69 13.53 

For further characterizing, the acid that is the free isonitrosobenzyl 
cyanide was prepared from the sodium salt. 

This free isonitrosobenzyl cyanide was prepared some time ago in 
the Gottingen laboratory by Alexander Meyer, who found that it is 
easily soluble in alcohol, ether, and hot water, crystallizes out of water 
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in beautiful white scales, which melt at 129*. I have prepared the free 
isonitrosobenzyl cyanide in the forgoing way, and have confirmed 
completely the above statements. 

The potassium salt was obtained by means of potassium alcoholate, 
br the same method as the sodium salt. It is easily soluble in water, 
ccihr a little in ordinary alcohol, and is easily decomposed. 

OLI968 grm. substance gave, after evaporation with chlorhydric acid 
in crucible and glowing, 0.080 potassium chloride, corresponding to 
11.3 per cent potassium. 

Calculated for 
CsH« - (CN}C » NOK. Found. 

Potassium 21.2 21.3 

The copper salt was obtained as a bluish green precipitate by addi- 
tion of copper sulphate solution to an aqueous solution of the sodium 
compound. 

The copper salt was insoluble in water and easily decomposed. 

0.179s gnn. substance gave, after glowing, 0.04 copper oxide, corre- 
sponding to 17.83 per cent of copper. 

Calculated for 
(C,Ha- fCN)C- N0),Cu. Found. 

Copper 17-96 17-83 

The lead salt separated out, as a white precipitate, as an aqueous 
solution of the sodium salt was added, drop by drop, to a solution of 
the ordinary lead acetate, which is used as a reagent. 

0.2354 grm. substance gave, after glowing with sulphuric acid and a 
little ammonium carbonate, 0.1973 lead sulphate, corresponding to 57.3 
per cent lead. 

Calculated for 
(CsHa - (CN)C = N0),Pb + FbO. Found. 

Lead 57.5 57.3 

While the isonitrobenzyl cyanide may be considered as a strong 
acid, on account of its great capability of forming salts with the alkalies 
and heavy metals ; yet it was impossible to form the pure methyl ether 
and acetyl derivative from the metallic salts. 



Parabrombenzyl Cyanide and Amyl Nitrite 

furnished, in the presence of sodium alcoholate in an analogous way, 
the sodium salt of the parabromisonitrosobenzyl cyanide, as a light 
yellow amorphous substance. 
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0.3036 grm. of the latter gave 0.0852 sodium sulphate. 



C.H.Br- (CN)C- NON». 

Sodium 9.31 



On the addition of acid to the aqueous solution of the sodium salt, 
the free parabromisonitrosobenzyl cyanide separates out in the form of 
white scales, which melt at 131-132° and dissolve easily in alkalies, 
forming a yellow solution. 

0.3150 grm. gave, according to Carius, 0.264 silver bromide. 
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The silver salt was precipitated from the aqueous solution of the 
sodium salt by means of silver nitrate, as an amorphous light yellow 
powder, insoluble in water. 

0.1876 grm. gave 0.061 g, silver. 



-CCN]C-NOA(. 



I 



In a similar way the copper salt was precipitated by a copper sulphate 
solution, as an amorphous green powder, insoluble in water. 
0,247 grm. gave, according to Carius, 0.1805 silver bromide. 



Calculated for 
iq,H,Br- (CN)C = NO),Cu. 

Bromine 3i-a8 



Lastly, it is to me a most agreeable duty to express ray gratitude to 
Herrn Geheimrath Professor Victor Meyer, for the friendly assistance 
which he has given me at all times in the course of this investigation. 
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GAUTIER'S POCKET TELEMETER. 

By a. G. ROBBINS and JAMES H. STANWOOD. 

The official Journal of the French Army of April i6, 1868, gives an 
account of an instrument invented by M. Gautier, a captain of artillery, 
which is designed for the rapid measurement of distances. 

We have endeavored herein to give a detailed account of the con- 
struction of this instrument, the method of using it, and the results 
of our own experiments, together with those of as many others as we 
could obtain. 

The determination of the distance to 
an inaccessible point necessitates the solu- 
tion of a triangle of which we know one 
side and two angles. For example, in the 
right triangle ABC (Fig. i), 

— = sin(7 or AC^^AB^^- 
AC smC 

Suppose, now, that B is not a right 
angle, but slightly less. Let ADC (Fig. 2) 
be a right angle. 





FiyJ 



Fig.2 



Now 

but 
and 



AC^ 



AD 



smC 
AD =^AB cos BAD J 



^C therefore s= 



AB 

sinC 



cos BAD, 



or 



^(7= 



AB AB 

sin C sin C 



{i-- cos BAD). 



If we take for the value of AC the first term only, or 

AB 



AB 



sm 



c 



we are in 



error by an amount equal to a fractional part of -: — -;, represented by 

smc 

I — cos BAD. By a similar reasoning, it can be showQ that the result 
would be the same if the angle ABC were obtuse. 

Now, let the angle ABC differ from 90** by I^ 2^ s^ 8^ or, what is 
the same thing, let the angle BAD equal I^ 2**, s^ 8^ and observe how 
much our assumed value of AC differs from the true value, in each case. 
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Gautict's Pocket 


Telemeter. 


NaL 


cos,' 


= .99585, I 


- cos ■• 


= 


.ooois; 


Nat 


cos 2° 


= -99939. ■ 


- COS 2' 


= 


.00061 ; 


Nat 


C0S5" 


= -99619. 1. 


-coss" 


= 


.00381 ; 


Nat 


cos 8' 


= .99027, I 


-COS 8 


= 


•"0973- 



The term neglected is less than i per cent of the distance, even 
when the angle BAD is as large as 8°, We can therefore determine 
the distance AC, within less than i per cent, provided we can, first, 
determine an angle at B, which shall not differ from a right angle by 

more than 8° ; second, determine the factor -r— -^ by observation ; third, 
measure the line AB. ^"' 

Let us assume that the first and third operations can be readily- 



done ; we then have only to obtain the factor 
meter is designed to measure this quantity. 



sinC 



The pocket tele- 
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This instrument, shown in outline in Fig. 3 and in cross-section in 
Fig. 4, consists of a tube of about two inches greatest diameter, and 
five inches in length. At mnC are two small mirrors, occupying the 
lower half of the tube. The mirror m is fixed in position, but the one 
at m! is connected with the screw r, so that the angle between the 
mirrors can be varied a small amount either side of 4S^ An opening a 
in the side of the tube allows a ray of light, coming in the direction yi 
to be seen through the telescope d after being doubly reflected by 
the mirrors mm\ The angle fgd is 90® or slightly more or less, 
according as the angle between the mirrors is 45® or slightly more 
or less. 

An opening in the under side of the instrument, shown in Fig 3 
at b, shows on a graduated plate the amount that the angle of the 
mirrors differs from 45®. 

At / is a glass prism, firmly cemented to a ring capable of being 
revolved about the end of the tube, and carrying on its outer surface 
a scale graduated from 20 to 00. 

Let ^57" (Fig. 5) be a section of this prism. A ray of light coming 

from M and striking the prism normal to RS is 
Fi^o j^Q^ deflected, but on leaving the prism at Q it is 

^ deflected in the direction QOy so that the point M 
r would be seen in the direction OAT. Suppose 

/ that we revolve the prism through 180*, so that 

j it takes the position RSV, A ray of light coming 

^\ ' from M will now be deflected in the direction QO^ 

""•*•— ^. and would be seen in the direction GAr\ 
\ By revolving the prism, the point M can be 

\,' seen in any direction between the extremes QAP 

and QM^\ The prism is so constructed that a 
half-revolution displaces the image about 3^ or, in other words, the 
angular displacement of the prism is sixty times greater than that of 
the image. Thus we can measure small angular displacements of the 
image with great accuracy. 

The graduation on the ring carrying the prism gives the values of 

. ^ C being the angular displacement of the rays of light caused by 

revolving the prism. As these graduations vary from 20 to 00, the 
angular displacement can vary from o** to 2** 51' 58" about, since 

^ 00, and = 20. 

_0 ' •••*** 'Of off *»^'« 

smo sin 2 51' 58" 
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Gauticr's Pocket Telemeter. 



Method of Using. — Let C (Fig. 6) be any object, and AC the dis- 
tance to be found. The observer at A first places the so mark opposite 
the index on the fixed part of the tube (when thus placed the position 
of the prism is as shown in Fig. 4), 

and holding the instrument with the i*' 

opening a (Fig. 4) on the right side, / ; 

looks in the direction AMan^ sees, / I 

by double reflection, the object Cat Fig-6 ,' \ 

C'\ lookingoverthemirrors, through ' 1 

the prism, he selects some promi- _ / ' 

nent object M in line with AC """J"*^-"-----"^'''"^ 

He next goes to £ in the line AM, "' 

and again observes the object M. 

By double reflection the image of C is seen at C", to the left of M, 

the angle CAC being equal to CBC". 

By revolving the prism the light coming from M is deflected to the 
left, and coincidence can again be established, M being seen at M', in 
the direction BC" . The division on the graduated scale opposite the 



index gives ■ 



which is equal to - 



This quantity 



&mMBAf' ^ siaACB' 

multiplied by the base AB gives the distance ./^C sought. 

Generally there will be no prominent object at M exactly in the 
direction of the reflected image of C. In this case the observer selects 
one from the prominent objects nearly in line, and by turning the screw 
at c slightly, alters the angle between the mirrors mm', and brings the 
reflected image of Cin line with the object selected. 

It is preferable to select some object to the left of C, rather than 
one to the right, making the angle CAC slightly greater than a right 
angle. In so doing the angle CBC, which can be from 0° to about 3° 
less than CAC, will be very nearly a right angle, and we make the 
error, caused by assuming CBC to be 90°, as small as possible. 

Instead of taking a fixed base AB, it is sometimes advisable, after 

observing at A, to set the instrument at some fixed value of -j 

smC 
say 50, and to then move backward on the line MA until the coin- 
cidence, destroyed by turning the prism, is again brought about. Then 
measure the base gone over, which will be one-fiftieth of the distance ..-J C! 
By this method the errors caused by interpolating between the divis- 
ions are avoided. It is also found true in practice that the best 
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If the object C is not very prominent, it may be difficult to see it by 
double reflection. In cases like this it is better to observe the point C 

directly through the prism. The 
observer at A (Fig. 7) looks at C 
through the prism. At the same 
time objects in the direction of M 
will be seen by double reflection 
at M^ in the line AC (if the angle 
Jig, J between the mirrors is properly 

adjusted). He then goes to B and 

then sees the reflection of objects 

y at AT, at AT", to the left of C. By 

revolving the prism until C is seen 
at C coincidence is again established, and the value of 




imCBC sinACB 

is obtained. This multiplied by AB gives AC sls before. 

When only a short base can be used, good results may be obtained 
by a method of repetition. This is done by taking a series of observa- 
tions, alternately, at each end of the base ; coincidence of direct object 
and reflected image being established at one end by altering the angle 
between the mirrors, and at the other end by revolving the prism. If 
n observations are taken, and a represents the length of the base, the 
distance sought is 

nax 



nsinC 



In this case, as in the others, it is advantageous to have the last 
reading exactly at one of the graduations. This may be done by using 
a constant base for all but the last observation, and then setting the 
instrument at the next less division and measuring the base necessary 
to establish a coincidence of direct object and reflected image. 

Thus, if with a lofoot base, nine observations have been taken, and 
then the instrument is set at the next less division, which is (say) 50, 
and we find the length of base necessary to give that reading to be 
9. 5 feet, the distance is 

(9 X 10 + 9.5) 50 = 4975 feet 
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Error in the Alignmenl of tke Base. — Suppose that at the extremities 
of a base pf 6g feet, the last station be taken at one-tenth of a foot 
outside the alignment on the 
signal, at B' (Fig. 8). The 
error of alignment of the base 
is measured by the angle BAB', 
which is about five minut.es in 

the case assumed. The pocket ,' 

telemeter determines the angle TigS ' 

C by the difference between .< 

the angles MAC and MBC. / 

If the observer is at B', he ■« — - - --. -■^-— ----" -mi V_"_ 1" ; ■; 
measures the difference of the 
angles MAC asiA MB'C; the error which he makes is therefore 



AfBC - MB'C = BMB', 



I 



the value of the angle C being too great by that amount, and the dis- 
tance AC obtained will be a little less than the true distance. 

The contrary would be true if the point B' were between B and C. 

This error of the angle is, according to the above, in the inverse 
ratio of MB to AB, so that if the distance of the signal M from the 
first station is equal to ten times the base (690 feet in our assumed 
case), the error in measuring the angle Cis less than one-tenth of five 
minutes or thirty seconds. If the distance of the signal M is sixty 
times the base, this error becomes less than five seconds. 

This example shows that it is advantageous to employ a distant 
signal, and that when the distance to the signal M is necessarily short, 
great care must be taken in the alignment of the base in order to 
insure good results. 

The following results, published by the inventor, were obtained by 
the commissioners appointed to examine this instrument in France: — 
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Base 

Employed.* 


Factors 
Read. 


Distances 
Found. 


True 
Distances. 


Elrrors. 


Designation 
of Objects. 


Remarks. 


Metres. 




Metres. 


Metres. 


Metres. 






20 


30 


600 


600 





Battery 


Dark and rainy 


20 


35 


700 


715 


-15 


<i 


M 


20 


50 


1000 


1000 





End of Polygon 


Fine weather 


20 


64 


1280 


1240 


+ 40 




« 


20 


80 


1600 


1600 





Hospital 


« 


20 


110 


2200 


2190 


+ 10 


Church 


u 


40 


64 


2560 


2580 


-20 


Hospital 


« 


49.8 


54 


2689 


2660 


+ 29 


Tower 


High wind 


168.5 


21 


3538 


3510 


+ 28 


Church 


Fine weather 


68.5 


57 


3904 


3880 


+ 24 


Convent 


<c 


39.2 


100 


3920 


4050 


-130 


House 


High wind 


32.9 


131 


4310 


4260 


+ 50 


Tree 


Fine weather 


58.65 


80.5 


4722 


4650 


+ 72 


Village 


«( 


88.0 


58.5 


5148 


5100 


+ 48 


Observatory 


«< 


36.25 


♦160 


5800 


5920 


-120 


Castle 


High wind 


40.0 


165 


6600 


6680 


+ 20 


Staff 


<i 



* Bases were measured with a tape. 



Base 
Employed.* 


Factors 
Read. 


Distances 
Found. 


True 
Distances. 


Errors. 


Designation 
of Objects. 


Remarks. 


Metres. 




Metres. 


Metres. 


Metres. 






42 


23 


966 


943 


+ 23 


Bridge 


Fine 


40 


44 


1760 


1750 


+ 10 


Church 


« 


19 


21 


399 


400 


-1 


Tower 


Fine, but after sundown 


28 


21 


588 


600 


-12 


« 


« 


18 


37 


666 


680 


-14 


Bridge 


«( 


32 


22 


704 


710 


-6 


(( 


(1 


43 


20 


860 


880 


-20 


Convent 


M 


36 


125 


4500 


4400 


+ 100 


Point 


« 


20 


45 


900 


880 


+ 20 


River Bank 


C< 


19 


70 


1330 


1320 


+ 10 


41. R. Bridge 


Violent squalls 


20 


70 


1400 


1440 


-40 


Fortification 


M 


32 


54 


1728 


1750 


-22 


« 


« 


15 


130 


1950 


2020 


-70 


« 


« 


10 


320 


3200 


3100 


+ 100 


Belfry 


M 


60 


60 


3600 


3600 





Hospital 


« 


80 


62 


4960 


5000 


-40 


Obelisk 


« 



* Base measured by pacing. 
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The following experiments were made at various times by observers 
here at the Institute, most of them by persons having no previous 
experience in using the instrument. 

Given Multiple and Base Found. 



^ 


Fki«. 


DinanH Found 


.™,. 


Tn« DiiHn«. 


213.18 


60 


12,790 


-327 




188.0i 


70 


13,228 


+ 109 


1 
I i 


185.30 


80 


13,224 


+ 107 


1*8,08 
133,51 


90 
100 


13,381 
13,351 


+ 204 
+ 234 


11 

11 


214.28 


60 


12,857 


-200 


\ " 


185.11 


70 


12,058 


-150 


Q 


104.31 


80 


13,145 


+ 38 





Tbc average of these distances = 13,117. 



Constant Base and Multiples Read. 



B>K. 


Mulliple. 


Distance Found 
Ln Feci. 


.^.^ 


.™ 


200 


84 


12,800 




-293 


leo 


06 


12,920 




-173 


170 

160 


78 
SO 


13,200 
13,350 


1 


+ 107 

+ 257 


190 


87 


12,730 




-303 


160 


90 


13,500 




+ 407 



Average of 14 observations, 13,105, 

r is obtained from the avnage ofdiatanees found, i: 
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In the following experiments the base was measured, and the true 
distance sought was 3400 feet. 



Base. 


Multiple. 


Distance 
Found. 


Error. 


Base. 


Multii^e. 


Distance 
Found. 


£i(oi. 


100 


33 


3300 


100 


25 


137 


3425 


25 


« 


33 


3300 


100 


tt 


140 


3600 


100 


« 


33 


3300 


100 


tt 


139 


3475 


76 


<c 


32 


3200 


200 


tt 


140 


3600 


100 


« 


33 


3300 


100 


10 


360 


3600 


200 


l< 


33 


3300 


100 


« 


380 


3800 


400 


tt 


33 


3300 


100 


M 


360 


3600 


100 


It 


32.76 


3276 


126 


tt 


375 


3760 


360 


tt 


33 


3300 


100 


tt 


330 


3300 


100 


tt 


33 


3300 


100 


tt 


360 


3600 


200 


60 


68 


3400 





tt 


350 


3600 


100 


« 


69 


3450 


60 


tt 


380 


3800 


400 


M 


67 


3360 


60 


10* 


67 


3350 


50 


tt 


68.5 


3425 


25 


II 


70 


3500 


100 


U 


68 


3400 





II 


65 


3250 


150 


tt 


67.5 


3375 


25 


II 


66 


3300 


100 


25 


138 


3460 


50 


II 


65 


3260 


150 


tt 


140 


3600 


100 


tt 


66 


3300 


100 



* Method of repetition used : five observations taken at each end of base. 



A very complete description of the pocket telemeter is found in 
" Notice sur le T616mitre de Poche," par A. Gautier, Paris. Librairie 
Militaire de J. Dumaine. 

It is briefly treated by Gen. F. A. P. Barnard in " Report on the In- 
dustrial Arts," published by Van Nostrand ; and in Knight's "American 
Mechanical Dictionary." 

The instrument is manufactured by M. Tavernier-Gravet, No. 19 Rue 
de Mayet, Paris. 

Massachusetts Institute of Technology, 
April 2, 1889. 
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THE INFLUENCE OF TEMPERATURE ON THE SPECIFIC 
ROTATION OF CANE SUGAR. 

Bv CLEMENT W. ANDREWS. A-M. 

The statement of Tuchschmid," that the specific rotation of pure 
sugar solutions is independent of the temperature, has been generally 
accepted. } was surprised, therefore, to find that the test of the hundred 
points of several saccharimeters, both color and half-shade, gave a lower 
result the higher the temperature at which the test was made. Allow- 
ance was made, of course, for the change in the density of the solution 
and in the length of the tube, and also in the specific rotation of the 
quartz wedges. 

I have been able to find but few investigations of the subject. In 
1842 Mitscherlicht stated that the rotatory power of cane sugar is not 
much altered by change of temperature. In 1843 VentzkeJ found that 
the angular rotation of a cane sugar solution is the same at 80-85° C. as 
at ordinary temperatures, and since the density decreases, he supposed 
that the specific rotation increases with the temperature. In 1846 
Dubrunfaut § stated that a sugar solution loses 0.04 of its original rota- 
tion at 19" C. when heated to 80° C, Correcting for the expansion of 
the solution and of the brass tube, he calculated that the specific rota- 
tion of cane sugar at 100° is less than at 0° by 0.0233 of the amount at 
the latter temperature. Tuchschmid || found that the observed decrease 
in the angular rotation of a 25 per cent solution between 10° and 40° C. 
was very nearly equal to that calculated from Gerlach's figures for the 

I decrease in density, and stated that the specific rotation is independent 

of the temperature. His conclusions are based on the mean of 40 
readings at each of the two temperatures, but the separate readings 
show a deviation from the mean in each case of ± o°.3 on a total value of 
about iS°. Also, in calculating the angle which he ought to find, sup- 
posing the specific rotation to be constant, he did not determine the 
■ specific gravity, but used Gerlach's figures for a solution of 23.7 for 

I his solution of 24.9 per cent, and assumed that the change from 10° to 



* Journal fQr praktische Chcmte, 1870. (i) 2, 145, 

t Berlin Akademic Berichlc. 1842, 150. 

t Journal fUr pinktiicbe Cbemie, 26, 101. 

S Annalcs de chimie et de phyiique, (3) 18, loi. 
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40° is proportional to that from 10° to 27'. 5. The error affects thoj 
calculation of the difference in the angular rotation but slightly, but it' 
makes the absolute amount too small, and increases the apparent purity^ 
of the sugar. 

In 1875 Hesse* published a series of determinations of the specific 
rotation of cane sugar for sodium light, showing the effect of concen- 
tration. Of these, two made at 25° showed the same rotation as two 
of the same strength at 15°, but the largest angle observed, 13°, 3, and 
the range in temperature, were too small to make the results of any 
value in this connection. This is the latest work on the subject that 
I have found, and none is mentioned in Landolt's recent 
polariscopic analysis.t 

A repetition of these experiments, made with more delicate instru- 
ments, has resulted in a confirmation of Dubrunfaut's statement of the 
decrease of the specific rotation with increase of temperature, though 
the amount per degree is somewhat less than was stated by him. They 
were made with a Laurent large-model polariscope, made in Paris, read- 
ing to 30ths of a degree, and permitting the estimation of minutes. 
The lamps, for sodium light, were those furnished with the instrument. 
I found them, when properly adjusted, less liable to variations in inten- 
sity of light than a single Muenckc burner. 

The observation tube was of brass, double walled, with openings at 
each end into the outer tube, and one in the middle into the inner one. 
The ends were carefully prepared plane surfaces at right angles to the 
bearings. The length was determined with the Rogers comparator in 
the Physical Laboratory of the Institute, by comparison with the Rogers 
standard bar. The comparator reads to 0,00001 inch, and gives o.oooi 
inch with ease. A series of eight measurements on different parts of the 
circumference of the ends gave a mean of 15.7703 inches, with a maxi- 
mum deviation from it of 0.0002. On reduction to millimeters, and 
correction for temperature, the length at 20° C. was found to be 400. 
mm. The end plates were tested with a gauge and found to be of 
sibly equal thickness in all parts. The caps simply slipped over tht] 
ends of the tube, as in the new Landolt tubes, thus avoiding all chance, 
of polarization by the end plates through unequal or excessive pressure., 

The weights used had been recently adjusted by Becker, and their 
total weight compared with the standard kilogram at Washington. AU' 
weighings were made by substitution and reduced to weight in vacuo. 

The calibration of the flask and pyknometer was done with distilled' 

• AnnaUn der Chemie, 176, 97. 

t Bericble dcr deuucbea cbcmischen Gesellschart, iSSS, 21, 191. 
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water, correcting for temperature and displacement of air by Table 17 
of Landolt and Bornstein's Physikalisch-chcmische Tabcllen. All tem- 
peratures recorded or used were measured with a standard thermometer 
recently tested by the Physicalisch-technische Anstalt at Charlottenburg. 

The arrangement used for heating the tube was very similar to that 
employed by Tuchschmid ; the current of water passing through the 
outer tube being warmed in a large mass of water. At no time dur- 
ing an observation was there any distortion of the field or of the line 
between the halves. 

The angular measurements are the means of not less than six read- 
ings, made alternately from right and left, of the zero, of the anglu' in 
the right semicircle, of the same in the left semicircle, and of the 180° 
point, The observations were made in the evening, without disturbing 
light. 

The sugar used was prepared by solution of the best refined sugar, 
filtration, precipitation by alcohol, washing with alcohol, and drying at 
65° C. Ten grams of this sugar lost 0.0007 gram on being heated sev- 
eral hours in the water bath, and left less than 0.001 gram on ignition. 
It gave no test with Fehling's solution. Its purity was further shown 
by its specific rotation, which was 66°.398 at 20° C. for a solution of 
f = 26.01. Landolt's formula, calculated from the latest and best deter- 
minations, requires 66°.42i for the given concentration. The difference 
is about the average difference between the formula and the determina- 
tions from which it was computed. 

The solution used in the first experiment was intended to be a 
Ventzke standard solution; i.e., to contain, at I7°.5 C, 26.048 grams, 
weighed in air, in the volume of 100 grams of water, in air, at that 
temperature, or 26.004 grams, in vacuo, in 100 true cubic centimeters." 
The actual weight, in air, of the sugar was 26.066 grams, and of the 
solution 1 10.010 'grams, giving on reduction to weight in vacuo 23.686 
per cent of sugar. 

With this solution two sets of readings were made at 18° and two at 
41°. The dew point was too high to permit reading much below 18'. 
In the following table the angles are the mean of six readings of the 
solution and the zero t — 



Ttmp. 


Right icmiciicle. 


Left Mmicircle. M«u 




1B°.2 


09" 13'.2 


mFai'.o 6^17'.! 


ao°.28« 


18°.8 


00° 6'.7 


611° U '.7 80° 0'.2 " 


68".153 


41 "=.3 


68° 22'.2 


68°2fl'.3 fi8'^25'.75 « 


68'^.420 


41°.0 


68° 26'.5 


68"^ 31 '.8 88°29'.15 ' 


68°.48a 




• See Ihe 


e>I paper, p. 374. 
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In calculating the specific rotation, i and 2 were combined, and 3 and 
4, giving 6g'.2i9 at i8°.s and 68°-458 at 4i°.i5. It is evident that the 
variations of the separate readings from these means are due in pan to 
two causes which are compensated for in taking the mean ; viz., the 
difference in the temperature and a slight eccentricity of the graduated 
circle and the optical parts of the instrument. Yet without consider- 
ing this compensation, the greatest deviation of a single reading from J 
the mean is -|-o°.2i8 for i and 2, and — o°.i55 for 3 and 4. On a total! 
rotation of 18' these would be +o''.o6 and — o'.04 respectively. 

The specific rotation was calculated by the formula 



w; = 



/X/xa' 



a = angle observed, in degrees ; 
/ = len(5th of tube, in decimeters ; 
p = percentage of sugar, by weight in vacuo ; 
rf= specific gravity of the solution at temperature of obseivadon, 
water at 4° C. being unity. 



The values are given below : 



I. , «. /. p. d. [.]„ 

I. . . . 18.5 6D.219 4.0057 23.688 1.09842 60.415 

II. . . . 41.16 68.458 4.0074 23.680 1.080S7 66.174 

Dividing the difference in the specific rotation, 0.241, by the difference! 
in the temperature, 22.65, gives 0.0106 as the mean change in the spe- J 
cific rotation per degree Centigrade. 

To check this result a second experiment was made with anotha 
preparation of sugar and a different concentration. In this experiment 
the weight of sugar taken was 16.3096 grams, in air, and that of tbel 
solution 106.2540 grams, giving on reduction to weight in vacuo 15.344! 
per cent of sugar. This solution contains, at I7''.5, 16.30 grams in 100 ' 
cubic centimeters, and is very nearly a standard solution for the Soleil- 
Dubosq and Laurent saccharimeters. The rotation was determined 
first at 19°, then at 39°.9, and finally at 20°.!. The angular measure- 
ments given below are the means of ten readings of the solution and , 
the zero : — 

Temp. Righi umicuclc. Left Kniicirdc. Mun. 

I. . . Wa 43°30'.9 48''8S'.1 43°2B',6 or 43°475 

•• . . 30°.0 48° 5'.0 430 0'.8 43° 2'.9 " 43°.048 

3. . . 20<'.l 43°aiM 43°27'5 43°20'.15 " 43°.48a 
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The greatest variation of a single reading from the mean was o'',o62, or 
o°.03 oil 1 8°. 

The specific rotation was calculated from the following data : — 



a. 


/. 


P- 


d. 


C"]^ 


43.i75 


4.0057 


15.344 


1.06139 


68.643 


43.048 


4.0073 


16.344 


1.06430 


6fl.40S 


43.486 


4.0058 


15.344 


1.06127 


60.064 



The values of \a\^ in i and 3 are somewhat larger than the 66.53 re- 
quired by Landolt's formula for this concentration at 20°. The differ- 
ence, however, is not greater than has been observed by ToUens for the 
same solution at different times. , If not caused by a difference in the 
sugar, it may be due to more white light in the sodium flame ; it cer- 
tainly is not due to momentary changes, such as differences of intensity 
of light on the half-disks, because all the zero and 180° point deter- 
minations vary less than a minute. On the other hand, the close agree- 
ment between 1 and 3 shows that the lower value in 2 is not due to 
inversion or other permanent change in the solution. In calculating 
the influence of temperature i and 3 were combined, giving 66''.6S3 
at 19°. 55. Dividing 0.248 by 20.35 gives the change per degree 
as 0.0122. The agreement between this and the first determination 
is so close that there should be no serious error in taking the mean 
of the two and expressing the relation of the specific rotation to the 
temperature by the formula : — 



[•>];=[-]"- 



:i4(/- 



o). 



If 6^.5 is taken as a mean value for [a]" the coefficient of change 
per degree centigrade is 0.000171. This is somewhat smaller than that 
obtained by Dubrunfaut, 0.000232 ; but it is for a smaller range of tem- 
perature, and it is possible that the rate of change may be greater at a 
higher temperature. 



dement IV. Andnivs. 



NOTES ON THE DETERMINATION OF SUGAR BY THB\ 

POLARISCOPE. 

Bv CLEMENT W. ANDREWS. A.M. 

t. Influence of Temperature. — In practical optical saccharimetry it ^ 
is generally assumed that the change in density is the only cause of 
error due to tiifferences in temperature, and this is allowed for in one 
of two ways. Either the solution is made at a known temperature and 
the temperature of observation determined, or, more conveniently and 
generally, the solution is read at as nearly as possible the same tem- 
perature as that at which it was made. Other causes of error, however, 
can materially affect the result. Thus Anders " has called attention to 
the error due to unequal heating of the ends of the instrument. His 
remedy for this was the clumsy and inaccurate one of removing the 
lamp after every observation ; it is evident, however, that the frequent . 
reading of the zero now so strongly urged, and a sufficient distance I 
between lamp and instrument, are better safeguards. 

Again, Kingf has called attention to the necessity of reading solu- I 
tions containing any considerable amount of invert sugar at a fixed or I 
known temperature because of the great influence of temperature on 1 
the specific rotation of that substance. Its influence on that of cane j 
sugar also is too large to be neglected in accurate work where there is I 
any considerable difference between the temperature of observation and I 
that at which the instrument was graduated, and the same may be said ] 
of its influence on the rotation of the quartz wedges in the instruments I 
using them. The errors due to these causes, except the last, may be ] 
avoided by the use of a jacketed tube ; all solutions being made up and ] 
read at the temperature at which the saccharimeter was graduated. 
Unquestionably this method gives the most accurate results, but it is I 
inconvenient for rapid work, so that I have calciUated the factors'by | 
which the observed reading should be multiplied to obtam the true , 
reading. In this calculation the coefficient of the cubical expansion of , 
glass has been assumed as 0.000025 and that of the linear expansion of l 
brass as 0.000019. The change in the specific rotation of the solution i 
was found from the formula i— 0.000171 (/— 17.5), and that of the 1 
quartz from Sohncke's formula 1 +0,0000999/ + 0.000000318^'. The 
• ZeilBchtifl Jes Vereinei deulscher InEcnieute, 10, 321. t Chemical News, 48, aaj. 
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actual expansion of a 23.7 per cent solution was calculated from 
Gerlach's figures for the apparent expansion of 20 and 25 per cent 

solutions. 

In the table, column ! gives the factors for a solution made and read 
at f, in an instrument without quartz wedges ; column 2 for the same 
read against quartz ; column 3 for a solution made at 17°.$ and read at f 
directly ; column 4 for the same read against quartz. 



10 




O.S087 


0.0078 


0.9070 


0.0961 


16 




0.0090 


o-nona 


0.9000 


0,9887 


n.5 




1,0000 


1.0OO0 


1.0000 


1.0000 


so 




1.0004 


1.0007 


1.0011 


1,OOW 


25 




1.0013 


1.0022 


1,0035 


1.0044 


30 




1.0022 


1.0038 


I.OOOO 


1.0074 


35 




1,0031 


1,0051 


l.OOBQ 


1,0106 


40 




1.0040 


1.0007 


1,0114 


1,0140 


Mean chwRe per 1 
degree &om 17.6 to 40 i 


0.00018 


0.00030 


0.00051 


0,OOOGS 



Although these factors have been calculated for the Ventzke standard 
solution in brass tubes, they can be used for other solutions and glass 
tubes without serious error. The difference between glass and brass 
tubes is 0,0002 at 40°, while Gerlach's figures give the difference 
between the expansion of a 25 per cent and that of a 15 per cent 
solution as 0,0005 at 40°. 

That the corrections here given are not too large will be seen from a 
comparison of the reading of a standard solution on several different 
sacc ha ri meters at different times. The solutions were prepared by 
weight and the readings are the means of a large number of obscrva- 
tioDs, The first column gives the actual reading at the temperature 
given ; the second, these readings corrected by Matecgzek's table 
for density alone; the third, the same corrected by the factors given 
above. 



I. C, S, color 23 99.77 90,92 

a. C. S. color 23.2 89.70 W.04 

3, C. S color .,'.., 25,4 98,07 9U,88 

- „ , J 24.4 99.4(1 1M1.04 

■^ ^- ^' ="'''' i27,0 91).mi 09,68 

5. S, i H, color .... 28 90,23 9052 

6. 5. £t H. shade . , , . S8 89,11 99.43 

Mean 00,72 

Crealesl variation from lOO 0.57 



IWt.lO 
100.12 
100.13 



00.98 
0.22 
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2. Standard Solutions. — Tlie Ventzke standard solution is usually I 
spoken of as one containing 26.04S grams in 100 cubic centimeters. 
The greater delicacy of modern saccharimeters renders necessary greater 
precision of statement, and it should be defined as containing, at I7°.S C, 
26.048 grams of pure sugar, weighed in air with brass weights, in 100 
Mohr cubic centimeters; i.e., in the volume of 100 grams of distilled 
water at that temperature. This is not only the solution used in prac- 
tice and by the makers in graduating the saccharimeters ; it is also the 
solution supposed to correspond to the former standard specific gravity, 
i.iocX). The original Ventzke solution* was one of specific gravity 
1.1056, or 25 per cent by weight, in a tube 234 mm. long, having a rota- 
tion of 56° for the red ray matching a given solution of anilate of iron. 
In fact, the graduation of Ventzke's earlier saccharimeters was based 
on the last quantity, 56° being divided into lOO parts. Apparently on 
adopting Soleil's improvements, the bi-quartz, wedges, and color com- 
pensator, and certainly between 1S47 and 1857, the standard solution 
was changed to one of specific gravity i.iooo read in a 200 mm. tube. 
I have not been able to find an original statement of this change, or 
of the supposed equivalent of the new standard solution, 26.048 grama 
in 100 cc. The latter is evidently taken from the Brix-Balling tables f 
of the specific gravity of sugar solutions. In these tables the percent- 
age by weight corresponding to the specific gravity i.iooo is 23.68, 
which multiplied by i.i gives 26.048. But Bailing does not mention 
reduction to weight in vacuo, and the specific gravities in these tables, 
as well as in those of Neimann originally used in Ventzke, are referred 
to water at i7°.5 C. as unity, so that the true interpretation is that the 
standard solution of specific gravity 1.1000 contains 26.04S grams, 
weighed in air, in the volume of 100 grams of water at 17°. 5. Whether 
this statement is absolutely correct, or not, is immaterial, since the 
newer saccharimeters are understood to be graduated on the latter 
basis and not on that of specific gravity. That the use of Mohr 
flasks in saccharimetry is generally understood in Germany may be 
seen from the statements of Jena, J Scheibler,§ Tollens,|| Schmilz,<|[ 
Landolt,** and Schmidt and Haensch.ff 

• Journal Hir piaklisehc Chemie, 2S, 67, 81. 

t VctH. Vcr. Bef. Cewcibefleisses Preiusen, 1854, 133; Landolt und Bornslein, Physikalisch- 
cbemiscbe Tahdlen, p. 152. 

I Post's Chemnch-lechnisehc Analyse, l88z, p. 692, 704. 

§ Zcilsctirift Vereia RU be mucker- Indus trie, 17. 310, in Zt. anal. Chemie, 1S67, 617. 

II Berichtc der dcutscben chemischen Gesellscbaft, 10. 1403; 11, iSoo. 5 IHd^ 10, 1414. 1 
•• Annalen der Chetnic, 190, 307, and Bcr. d. c. C, 21, 195. 
tt Gcbraucht-Anwciiung im den Pulaiiution Apparalen, Berlin, 1887, p. 13. 
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Indeed, any mention of the matter would be superfluous if the text- 
books and authorities in English did not fail to recognize the custom. 
Allen* gives no directions for graduating the flasks ; Tuckerf gives for 
the 100 cc. flask the volume of 99.89 grams of water at 16°; Laniiolt,J 
99.875 grams in air at I7''.S ; and a committee of the National Acad- 
emy § have taken as the standard solution one containing 26.048 grams, 
in vacuo, in the volume of too grams of water, in vacuo, at 4°C,, or 
about 26.033 grams, in air, in the volume of 99.775 grams, in air, at 
i7°.S. The difference between this solution and the one accepted in 
Germany is, therefore, nearly 0.2 per cent. It is evident that if the 
reduction to weight in vacuo were intended, the standard weights fur- 
nished would be 36,032 and not 26.048 grams, while unless this reduc- 
tion is made the reduction to 4° is meaningless. 

In this connection some facts in regard to the use of the Mohr cubic 
centimeter may be of interest. An examination of the books on analyt- 
ical chemistry at hand leads to the conclusion that it is used generally 
in Germany and the United States, commonly in England, and appar- 
ently not at all in France. The books may be divided into three classes, 
according as the cubic centimeter is defined as the volume of a gram of 
water in air at some ordinary temperature, in air at 4°, or in vacuo at 4°. 

In the first class arc : — 

Bollcy, Techniseh-ehemische Untersuchungen, ed. 4, by Kopp, 1874, p. 20. 

Church, Laboratory Guide, ed. 2, 1870, p. 97. 

Dittmar. Qunntitative Chemical Analysis, i3B7. p. 19. 

Fleischer, Volumetric Analysis, ed. 2, tr. by Mmr, 1877, p. 18; and Muir, p. 23. 

Fresenius, Aidcituig zur quantitativen chemischen Analyse, ed. 6, 1875, 1., p. 35. 

Hart, Volumetric /.lalysis, 1878, p. 24. 

? Medicus, MassanaL/se, 18S3, p. 17. 

Mohr, Titrirmelhode, ed. 4, p- 39; ed. 6 by Classen. 1886, p. 41. Also in French, tr. 

by Forthomme, 1857. p. 33. 
Post, Chemisch-technische Analyse, 1882. p. 692. 
RieCh, Volumetrische Analyse, 1883, p. 8. 

? Schmid, SanitarUch- und polizeilich-chemische Untersuchungen, 1878, p. 6. 
Sutton, Volumetric Analysis, ed. 5. 1B86, p. 18. 
Winkler, Praktische Uebungen in der Maassanalyse, 1888, p. 19. 

In the second class : — 
Cairns, Quantitative Chemical Analysis, 1880, p. 3. 

Fre.senius, Anieitung etc., ed. J, 1867, p. 33. and American ed., 1888, p. 13. 
Huppe-Seyler, Physiologisch- und pathologisch-chemische Analyse, ed. 4. 1875, p. 13. 

• Commetcial Organic Analysis, 1886. t Sugar Analysis, 1884, p. 178. 

I Hancihook of Ihe Palariscope, 1881, p. 183. 
S Annual Report for 1887, p. 43. 
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In the third class:' 



mical Aiulysis, ed. 3, i83t, p. 43. 



Appleton, Quantitative 

Jagnaux, Analyse -cliimique, 18SS. 

Muter, Analytical Cliemisir)-, 1887. 

Thorpe, QuaDtilative Chemical Analysis, ed. 5, 18S3, p. 116. 

In accordance with the prevailing usage, as thus shown by the text- 
books,- the laboratories of the United States Department of Agri- 
culture, Harvard, Yale, Columbia, and the Institute of Technology, use 
gram rather than cubic centimeter flasks, and those laboratories which 
accept the makers' graduation must of necessity do so, as practically 
all the apparatus sold in this country is graduated on this system. 
Whether the French makers apply the corrections to 4° and to weight 
in vacuo, I have not been able to ascertain. In view of this general 
agreement, it is to be regretted that the editors of the last American 
edition of Freseiiius' Quantitative Analysis have followed the edition of 
1867, without mentioning the complete change of opinion expressed in 
the last (1875) German edition. This change on the part of Fresenius, 
and the failure of Landolt's recommendation to change the custom 
of sugar chemists, are strong indications of the convenience of the 
custom. 

The only other interpretation of the Ventzke scale is that of Tollens,* 
who makes 100° V. equal to 34''.6oi5 angular measurement for sodium 
light, and calculates the quantity of sugar necessary to obtain this as 
26.068 grams in air, in 100 Mohr cc. This value of lOo" V. is, however, 
simply the value calculated by Landolt f from Wild's determination of 
the specified rotation of cane sugar, and was probably never used in 
actual graduation of instruments. Moreover, it is too high a value, since 
Wild's figures were for true cubic centimeters and weight in vacuo. 

The other arbitrary scale in common use, the Soleil, has been sub- 
jected to even more changes than that of Ventzke. From its original 
statement as the concentration necessary to produce in a 200 mm, tube 
the same rotation for the sensitive tint as a millimeter of quartz, its cal- 
culated or determined value will vary with the purity of the sugar, the 
accuracy of the determination, and the assumed or determined value of 
a millimeter of quartz. To these causes of variation inherent in the 
definition should be added the influence of temperature, the uncertainty 
as to the size of the flasks, and the correction to weight in vacuo, and 
possibly a difference between the ratios for sodium light, the sensitive 
tint, and the rays used in the shadow instruments for white light. 

* Bcrichtc dci deulichcn chemischcn GcHHschaft, 10, iSoo. 
t Zcitschrifl Tdr analytiKhe Chemie, 7, g. 
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What advantage has been taken of these possibilities for disagree- 
ment will be seen from the list of standard solutions proposed : — 



:846. Clerget, Annales de chimie et de physique, (3) 26, 17; 

851. Dobninfaut, Comptes rendus, 32, 249 

? Pouillet, BaiTcswil, Schliising, Dubosq 

Wild, Neues Polaris Irobometer (Na light, true cc, weight in vacuo) 
Seheibler, Zt. Ver. RUbenzucker-lndustrie, 17, 210 (io air, Mohr cc.) 
De Luynes and Girard, Comptes rendus, 60, 1354 (found [a]^ sugar 

67°. 31, quarts 2i°.8o) 

878. Tollens, Berichte der deutschen chemischen Gesellschaft, 11, 1800 
(Na light, in air, in Mohr cc, quartz 2i'',;i89) .... 
.879. Landolt, Optisches Drehungsvermogen, p. 167 (calc from Schmitt; 

Na light, true cc., in vacuo) 

Allen, Chetnical News, 42, 177 (calc.) 

Laurent, SaccharimStre Laurenl. p. 11 

Loiseau, Journ. fabr. sucre, 24. 52 

Sidersky, Bull, assoc. ehim., 3, 355 (calc.) 

Richardson, Amer. Journ. Chem., 8, 72 (calc.) 

Kauders, Organ Oesterr. Ver., 1887, 645 (calc. from Schmitz) . 

Courtonne, Journ. fabr. Sucre. 1B87, 42 

Gunning, Zt. anal. Chcm., 28, 45 



16.471 

'M95 
'6-35 . 
'6.31S 

16.19 



16.Z 

16.25 
16.29 
16.29 
16.31 s 

16.27 
16.26 



Besides these values, Tollens* attribQtes to Dubmnfaut the value 
15.976, and refers to a paper on the subject by Schejbler, which 1 have 
not been able to obtain. 

The Laurent saccharimeter scale, however, is not based on a milli- 
meter of quartz, bur on angular degrees, 100° of the one being equal to 
zi° 40' of the other. If 66°.s is taken as a mean of the best determina- 
tions of the specific rotation of a solution of about 15 per cent, the con- 
centration necessary to give 21° 40' angular rotation is 16.29 grams, in 
vacuo, in 100 true cc. at 20°, or 16.31 grams, in air, in 100 Mohr cc. at 
i7°.S. This figure might have to be further modified if the optical parts 
of the instrument were not exactly concentric with the graduated circle. 

3. The Effect of Color oh the Determinations. — Holzer f has shown 
that the determinations of colored solutions in a Mitscherlich saccha- 
rimeter, both by daylight and lamplight, are wholly unreliable, while 
very little difference is found in a Laurent sodium light instrument. 
Degener^: has since stated that the results of the Schmidt & Haensch 
half-shade saccharimeter are not affected by the color of the solution. 
I have not seen any e.\tension of this statement to the Soleil-Scbeibler 

* Berichte der deutschen chemischen Gesellschafl, 10, 1412, 

t Ibid, 15, 1932. 

X Deutsche Zucker- Industrie, 1SS7, 1542. 
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color saccharimeter, though perhaps it might fairly be taken for granted, 
so that the following proof may be of some interest. 

A very dark melado sugar was clarified and read as usual, testing 
61.3. A second solution of the same sugar was filtered, but not decol- 
orized. Of this 2 cc. and 5 cc. were added to two portions of a refined 
sugar before making up to 100 cc; a third portion was read without 
any color. The results were : — 

Obsenred. Calculated. 

Refined sugar 99.0 — 

+ 2 cc. melado solution 100. i loo.a 

+ 5 cc. melado solution 101.9 102.1 

The last solution was too dark to be read very accurately, yet the agree- 
ment between the observed and calculated reading is close enough to 
show that the presence of any usual amount of color in the solution does 
not affect appreciably the result. 
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ON THE INFLUENCE OF SILICON ON THE DETERMINA- 
TION OF PHOSPHORUS IN IRON* 

Bv THOMAS M. DROWN, M.D, 

The process for determining phosphorus in iron, now in most general 
use in the laboratories of iron and steel works, is, I think, the one pro- 
posed by Mr. Emmerton.f In this process the solution of the iron for 
precipitation by ammonium molybdate is effected by treating the iron 
with nitric acid, evaporating to hard dryness in a dish, taking up in 
hydrochloric acid, and driving off the greater portion of the hydrochlo- 
ric acid by nitric. This procedure accomplishes, first, the destruction 
of all the carbonaceous matters ; and, second, renders all the silica in- 
soluble. 

Experience has proved the former — the complete oxidation of the 
carbon — to be absolutely essential ; but the explanation usually given, 
namely, that unless the carbon compounds are destroyed they will have 
a solvent action on the yellow precipitate, I am inclined to doubt. It 
seems to me more probable, as suggested by Mr. P. W. Shimer, that the 
conditions which are favorable for the oxidation of the carbon com- 
fMunds ensure the complete oxidation of the phosphorus to ortho-phos- 
phoric acid, and that the reason of the imperfect precipitation of the 
phosphorus, when the solution of the iron in nitric acid is directly pre- 
cipitated by molybdate solution, is, that the phosphorus is not com- 
pletely oxidized. 

There have been many means proposed for destroying the carbon 
compounds — chromic acid, potassium chlorate, potassium perman- 
ganate, hydrogen peroxide, and others — which accomplish the pur- 
pose without the necessity of evaporating to dryness. The advantage 
of the latter method has been supposed to be that, in this way, the 
silica was at the same time rendered insoluble. 

The statement of Klein, J that in the determination of phosphoric 
acid in basic slag it is not necessary to separate the silica, since the 
ammonium silico-molybdate is soluble in three per cent nitric acid, 
led me to try the effect of precipitating the phosphorus in a solution of 

* A paper read before the American Institute of Mining Engineers at the Colorado meeling. 



t Trans. Am. Inst, of Min. Eng., Vol. XV., p. 93. 



% Giem. Zeilung, 10, 731. 
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pig-iron without previously evaporating to dryness. The results agreed 
perfectly with others obtained in the usual way after the removal of the 
silica? and further investigation showed that the silicon, at least in the 
form in which it exists when pig-iron is dissolved in nitric acid, is not 
precipitated by molybdate solution. 

There is a very marked difference in the effect of nitric acid of dif- 
ferent strengths on pig-iron as regards the condition of the silicon. 
When the acid is strong (1.2 to 1.4 sp. gr.), much of the silicon becomes 
gelatinous and prevents filtration, while with more dilute acid the silicon 
goes almost entirely into solution. In a communication to the Ameri- 
can Institute of Mining Engineers in February, 1880,* I gave the eflfect 
of different strengths of hydrochloric acid on the silicon in pig-iron, 
showing that the strongest acid renders nearly all the silicon insoluble, 
and that weak acid dissolves it almost entirely. Generally speaking, the 
same is true also of nitric acid, as the following determinations show. 
It is interesting to note, in the following figures, that a nitric acid of 
medium strength dissolves more silicon than acid both stronger and 
weaker. The pig-iron used was a No. i foundry iron, with 2.42 per 
cent of silicon. 

Effect of Nitric Acid of Different Strengths on the 

Silicon in Pig-Iron. 



With nitric acid of 14 sp. gr. 



« 



« 



« 



II 



<i 



« 



1.2 



1. 16 



i< 



« 



1. 135" 



(I 



« 



1.116" 



Silicon 

in 
Graphitic 
Residue. 


Silicon 

in 
Solution. 




Silicon 
in 
Graphitic 
Residue. 


Silicon 

in 
Solution. 


Per Cent. 


Per Cent. 




Per Cent. 


Per Cent. 


2.28t 


0.14 


With nitric acid of 1.102 sp. gr. 0.12 




2.08t 


0.34 




0.12 




0.76t 


1.67 




0.12 




0.44t 
0.07 


1.98 




0.12 
0.13 




0.07 




1.082 


" 0.23 




0.07 






0.23 




0.06 


• 




OiiS 




0.06 
0.06 




" " * 1.070 


" 0.20 
0.24 


2.12 


0.09 






0.27 


2.14 


0.11 






0.31 


2.12 



The solutions obtained with the use of acid of 1.4 and 1.2 specific 
gravity could not be filtered when concentrated, owing to the gelat- 
inous condition of the silica. They were, therefore, largely diluted, and 
an aliquot portion of the solution was obtained by filtration. In this 
the silicon was determined. 

♦ Transactions, Vol. VIII., p. 514. f By difference. 
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The solution made with acid of r.ii6 sp. gr, and still more diluti;, 
can be filtered without difficulty. The seiiaration of gelatinous silica is 
not wholly a matter of strength of acid, neither is it wholly a matter of 
the percentage of silicon in the pig-iron. It has often been noted that 
different pig-irons, under identical treatment with nitric acid, will filter 
at different rates, and it sometimes happens that the iron with the least 
silicon proves the most refractory in filtering. This suggests that 
silicon may exist in different conditions in pig-iron, — a subject which 
cannot be further discussed in this paper. 

Another pig-iron was- tested in this series of experiments — a gray 
forge iron, with 0.63 per cent of silicon — with the following results : — 



Wilh nitric add of 1.2 sp. gr, 
1.135 " 



From the foregoing it will be seen that the strength of nitric acid 
most favorable for the solution of pig-iron is about 1.135 ^P- S""" ''"'^ 
not 1.2, which is generally used.* In the solution thus obtained there 
is no tendency for the silica to separate; not until the solution has been 
concentrated by boiling to small bulk does the silica begin to gelatinize. 

When molybdate solution is added to a solution of pig-iron obtained 
in this way, the phosphorus, as might be supposed, is only partially pre- 
cipitated, owing to the fact that this treatment with nitric acid is insuf- 
ficient to oxidize all the carbonaceous matters ; or, as I prefer to believe, 
insufficient to oxidize all the phosphorus to ortho phosphoric acid. To 
effect this, any of the oxidizing agents already mentioned may be used. 
Potassium permanganate, as recommended by Shiraer.f seems to me 
the most convenient ; but for the solution of the separated manganese 
peroxide I use, instead of hydrochloric acid, a small quantity of some 
organic substance, such as tartaric, citric, or oxalic acid, or sugar. The 
manganese oxide disappears almost instantly on the addition of the 
organic matter. After this treatment with permanganate and tartaric 
acid, which requires only a minute or two, the molybdate solution will 
give a complete precipitation of the phosphorus, ' 



• Acid of 1,135 sp, gr, ii convcnienlly made by diluting scid of 1,2 sp. gt, with half il 
ilk of waler, or by diluting I.4 Bcid with water in Ihc proporlioi 
t Trans, Am, Inslitute of Mining Engineers, Vol. XVII. 
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The following determinations were made in order to discover whether 
there is any tendency for the silicon in solution to be carried down with 
the yellow precipitate, either mechanically or as silico-molybdate. The 
pig-iron used was that already mentioned, containing 2.42 per cent of 
silicon : — 

z. a. 3. 4. 

Silicon in residue from nitric acid solution . . . 0.040 0.040 0.070 0.100 

Silicon in yellow precipitate 0.030 0.050 0.012 0.012 

Silicon in washings of the yellow precipitate with 

2 per cent nitric acid 0.060 0.030 0.007 0.004 

Silicon in filtrate from the yellow precipitate . . . 2.250 . 2.210 2.340 2.280 



2.370 2.330 2.429 2.396 

There would thus seem to be no evidence of the formation of any pre- 
cipitate of ammonium silico-molybdate. 

The determination of phosphorus in pig-iron may be carried out in 
very much less time than is ordinarily needed if the separation of the 
silicon is omitted. Following is the procedure we have adopted in the 
laboratory of the Institute. 

About 1. 5 gram of the pig-iron (or more if the iron is very low in 
phosphorus) is treated in a covered beaker with 6o c.c. of nitric acid of 
1. 1 35 sp. gr. (If preferred, 20 c.c. of water may be first added, and 
then 40 c.c. of nitric acid, sp. gr. 1.2. In the latter way the action at 
first is a little less violent.) The beaker is heated on an iron plate until 
action ceases ; three minutes is usually sufficient time if the borings are 
reasonably fine. The solution is then filtered from the graphite into a 
500 c.c. flask, and to the boiling filtrate are added 15 c.c. of perman- 
ganate solution of 5 gr. to the litre.* Boiling is continued until the 
pink color has disappeared, and a very few small fragments of tartaric 
acid are then added, which causes the precipitated manganese to go 
almost immediately into solution. The amount of tartaric acid need 
not exceed o.i gr., although the addition of an excessive quantity, as 
much as one gram, does not affect the accuracy of the results. To the 
clear solution 10 c.c. of strong ammonia (sp. gr. 0.90) are added to 
partially neutralize the free nitric acid. This amount leayes the solu- 
tion still amber-colored ; it should not be so far neutralized as to become 
wine-colored. When the solution has cooled down to 90** C, 80 c.c. of 
molybdate solution f are added, and the flask is closed with a rubber 

* The strength of the solution is not a matter of importance; I have found the above 
amount sufficient. Shimer uses 10 c.c. of a solution of 20 gr. to the litre. 

t Made by dissolving 100 gr. of molybdic acid in 400 c.c. ammonia (sp. gr. 0.96), and 
adding locx) c.c. nitric acid (sp. gr. 1.2). 
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stopper, wrapped in a towel, and shaken vigorously for five minutes, as 
recommended by Emmerton. 

From this point on the directions of Emmerton, in his paper already 
mentioned, are followed; namely, reduction by zinc and titration by per- 
manganate. If fine, powdered zinc is used, it may be entirely dissolved 
in ten minutes, but filtration from the undissolved zinc seems generally 
to be preferred. 

The following results were obtained in this way on the sample of pig- 
iron containing 2.42 per cent of silicon, in comparison with the older 
method of dissolving the iron in nitric acid, evaporating to dryness to 
separate silica, and precipitations by molybdatc solution and magnesia 
mixture. 

I Pig-Iron, containing 2.42 Per Cent Silicon. 




iewMMhod. OldMElbud. 
0.272 0.284 

0.2TSI 
0.290 
0.280 
0.201 
0.2U2 



Itw Method. Old Method. 
0.yiU 0,281 

0,2«1 
0j>78 
0.2il4 

0.286 
0.204 
0.2H 



0.S88 



The rate of oxidation of the reduced molybdenum sesquioxide on 
exposure to the air is very slow, and is ordinarily not taken into account. 
Mr. J. W. Loveland found that it amounted, in this series of experi- 
ments, to 0.001 per cent of phosphorus for every ten minutes" standing 
before titration with permanganate. The foregoing results are all cor- 
rected with this factor. If rapidity of determination is of the first 
importance, a few minutes may be saved by omitting the filtering off of 
the graphite. Many trials show that this omission does not affect the 
accuracy of the results, although the removal of a foreign insoluble sub- 
stance from the liquid enables one to carry out the process with greater 
satisfaction. 

A considerable number of determinations were made by Mr. J. T. 
Greeley, a student at the Institute, of the phosphorus in the sample of 
gray forge iron containing 0.63 per cent of silicon, without filtering o£F 
the graphite. They are as follows : — 
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Gray Forge Iron, containing 0.63 Per Cent Silicon. 

New Method. Old Method. 

Phosphorus 0.G20 0.032 

0.G25 0.635 

0.631 

0.640 

0.633 

0.627 

0.629 

0.645 

0.635 

Two determinations made in the solution of the same pig-iron after 
filtering off the graphite, were : 0.636 and 0.631. 

Further results obtained by Mr. Greeley are given below : — 

Bessemer Iron, containing i.i8 Per Cent Silicon. 

New Method. Old Method. 

Phosphorus 0.083 0.084 

0.086 0.087 

0.086 

0.086 

0.085 

No. I Pig-Iron, containing 2.29 Per Cent Silicon. 

New Method. Old Method. 

Phosphorus 0.324 0.334 

0.327 0.330 

0.334 

0.324 

0.322 

The process for steel is, of course, the same as for pig-iron, except 
that the question of filtration from the graphite does not arise. In a 
sample of Bessemer steel the following results were obtained : — 

New Method. Old Method. 

Phosphorus 0.064 0.061 

0.060 
0.061 

When one is familiar with the details of the process, a determination 
of phosphorus in pig-iron can be easily made in less than an hour. 

I am indebted to Mr. James W. Loveland, Assistant in Chemical 
Analysis in the Institute of Technology, for valuable aid in this investi- 
gation ; the credit for the analytical work, except as otherwise men- 
tioned, is due entirely to him. 

Massachusetts Institite of Technology, 

May, 1889. 



THE MAGNETIC CIRCUIT: A THEORETICAL DISCUS- 
SION, INCLUDING A FORMULA FOR MAGNETISM IN 
SOFT IRON. 

Bv EDWARD COLLINS, JR. 

In this discussion it is assumed that a complete analogy exists be- 
tween Ohm's law for the voltaic circuit and the law of magnetic lines 
of force in the magnetic circuit; that is, that the number of Unes-of- 
force (/V) is always equal to the magneto-motive-force {F) divided by 
the magnetic resistance {R). 

Of these three quantities, jV, F, and R, the first alone comes under 
the ordinary list of quantities in the centimetre-gram-second system, 
and is commonly known as "strength of field." It is necessary to 
express the other two in the centimetre-gram-second electro-magnetic 
system, and also to find their numerical relation to other quantities. 

First, consider magnetic resistance, as simplest. The resistance of 
any cylindrical or prismatic body is equal to 



(area of cross-section) x (specific conductivity) 



i'x . 



where k is the specific magnetic conductivity, which for present pur- 
poses may be considered constant, and therefore drops out of a formula 
for dimensions. Hence, the dimensions of magnetic resistance are 
given by the equation 

R = L-\ 

In numerical cases, of course, ic must be considered. 

Next, consider magneto-motive force. Imagine a straight conductor 
of length /, carrying a current of strength C. Then the intensity of 
field {/) at any point at a perpendicular distance {/) is given by the 

equation /=-^, where ^ is the angle subtended by the conductor, 
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expressed in circular measure. Also, since / is equal to the number of 
lines-of-force per unit of area, then 

But iV = — - by the original assumption. The path of these lines of 

force is a circle around the conductor, and its length is therefore 2irL 
Hence, 

^ = ^', and N=^^. 

A 2ir/ 

Equating these two values of N, 

I 2ir/' 

A 
Cancelling — - from each, and transposing. 

In this equation 2 and ir are numerical constants, and ^ is simply a 
function of the ratio of one length to another, and therefore drops out. 
From this it follows that the dimensions of magneto-motive-force are 
the same as those of current ; that is. 

For numerical cases the equation F = 27r<f>C must be used. If the con- 
ductor consists of a coil of (;/) turns, <^ = 27r«, and F= 4iAtC, where 
C is in absolute units. This is therefore the numerical value of the 
magneto-motive-force tending to cause lines of force to flow through 
the coil, around the outside, and back again. It is independent of the 
shape and size of the coils, and of the special place in the coil where the 
magnetic circuit passes through. 

As is well known, the presence of soft iron increases the number of 
lines-of-force. This effect is due to the lower magnetic specific resist- 
ance of iron as compared with air, or to its higher permeability, which 
is the reciprocal of resistance. As the permeability of iron is not a 
constant, but depends upon the density of the lines of force already in 
it, the resultant strength of field will not be proportional to the magneto- 
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motive-force, or to the intensity of field which would exist if the iron 
were removed. 

Of the various formulas commonly given for magnetization, none 
are sufficiently general, and those which are based on theoretical consid- 
erations do not consider the magnetic circuit as such. In Lament's 
formula, which is probably the best, it is assumed that the permeability 
at any stage is proportional to the difference between the actual inten- 
sity of magnetization and a certain maximum intensity {Z) ; that is, 



The formula is 



s proportional 10 (-?—/). 



where kb is the initial permeability and x is the exciting field. When 
pushed to extremes, this formula implies that the number of lines-of- 
force when iron is present cannot exceed a certain value, although if 
iron were not present, it might be increased without limit. This docs 
not agree with facts. The same objection applies to Froelich's formula 
and to the various arc-tangent formulas, unless they are understood to 
refer only to the additional field strength due to the presence of iron. 

Every substance possesses a certain property known as " magnetic 
susceptibility " (/*) which is related to magnetic permeability («) by the 
equation « = i + ^"Kfi. 

Magnetic susceptibility is positive for magnetic, zero for non-mag- 
netic, and negative for dia-magnetic substances. It is here asstimed 
that this is the property in iron that is directly affected by the density 
of the lines-of -force in it, and not the permeability, as Lamont assumes. 
It is further assumed that the susceptibility at any stage is proportional 
to the difference between the additional intensity of field caused by the 
iron and a certain constant intensity ; that is, 

H is proportional to Z — (/ — /,), 

where /. is the intensity of field which would exist if the iron were 
removed. If ^ is the initial susceptibility, then 



Everything is now prepared for deducing the law connecting number 
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of lines-of-force and magneto-modve-force in a circuit consisting partly 
of soft iron of uniform crjissHsectioa and partly of air or other non- 
magnetic substance. He tonbwing ^nnbols will be used : 

3*= mmocr of ImesK}t>force in circuit. 
^ = HQL magnrtic resstince in circuit. 
J = i*iai actpietD-^notive force in circuit 
J sr 'jesaii of iron part of circuit. 
Jt = JTd of cios&^section of iron. 
T ^ Tttifflitftic resistance of air-gap (constant), 
c = penxiifabtlitj of iron. 
A s susceptibility of iron. 
^ s intdal susceptibility of iron. 
^ s 1 certain constant previously used. 
TSJ.I4I59H . c = 2.71828 -h •••. 






.-. dN= 



R ' 



XS(K 



and 



TVnffore 



and 



dN= 






.'. dJV= 



dF 



idF 



i+^ J+^- 



« = I + 4 v/io I ^— ^ I , 



7 = ^, and 

A 



i.= 



1-^ 



Z-^- 



ic= I -f4ir/io'« 





I +4«'/*o 



§-' 




I +4^Mo 
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Only the principal steps of the integration will be indicated, as the 
actual operation is exceedingly cumbersome and tedious. It will be 
seen that the equation may be put into this form, 



t the only variables are F and N. If jt is substituted for bF-\- cN, 



rated, and the equation takes this form : 

Integrating, 

^=<j'.r + ,*'log.(* + <r') + C. 

The constant C is determined by the condition that when F is zero, N, 
and hence x, must be also zero. Then, 

F=a'x + b'\o%,(^^+\ 
Making all the proper re-substitutions and transformations, 



F=pN- 
or, transforming again, 



ZjL + Af) . 



',+P 



ZI,L + Af) 



g.-|. 



This is the complete formula. It will be seen that N consists of one 
part which is equal to the number of lines-of-force which would exist 

without the iron, and of another part, due to the iron, which approaches 
a maximum value AZ as F increases. Undoubtedly the formula is 
more accurate than any other, but unfortunately it cannot be solved for 
jV except in some special cases. An interesting case is where there is 
no air-gap {p = o), and where A = 1, and F=/L (/= force per unit of 
length). In this case the conditions are the same as those for which 
some other formulas are designed. Then, 



N=/+Z\ 



{.-.n 
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Tz:^ m2Ly be compared with Lamont's formula, written as 

If it is desired to use these results in connection with dynamo ma- 
chines, the best equation is the following, which gives F for a desired 
value of iV: 

where J/ is the modulus of common logarithms = .43429 + •••. 

This equation may be solved approximately as follows. Since F is 
usually small compared with N, it may be neglected in the second mem- 
ber, or a probable value assumed. This will give an approximate value 
for F, which, when used in the second member, will give a new value, 
sufficiently accurate for most purposes. This process can be repeated 
to any desired degree of precision. 

It is important to note that /, the resistance of the air-space, must be 
taken so as to include the path of the waste lines-of-force ; that is, those 
which pass outside of the armature, and N as used in the equations, 
include the waste lines-of-force. Their action is not only useless, but 
injurious, for they help saturate the iron and reduce its permeability. 

It is also worth noticing that the effect of increasing Z, L, or /, 
which occur in the denominator of the exponent of € in the formula for 
N, is to postpone and diminish the saturation effect, and thus increase 
the number of ampfere-tums required to saturate the iron to a given 
extent. 

In conclusion, some numerical values of N and F will be given, cal- 
culated from the last formula in such a manner as to obtain accuracy 
in the fifth decimal place. The magnetic circuit taken may be con- 
sidered as a small longitudinal section from a dynamo machine, through 
field-magnets, air-gap, and armature. The following data are taken : 

A = I square centimetre. 
Z = 135.44 cm. 
p = J. t 

"" ^ [ values for very good iron. 

S = 2533 = number of turns of wire in coils of field magnet. 

The values of L and 5 are chosen so as to simplify the calculation. One 
ampire in a coil of 2533 turns produces a magneto-motive force of 1 0000. 
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Resulis. 


4ffl+iiiiintF 


N. 






F. 


lOOO 






1990.7 


lOOO 






»453-» 


3000 






3698.9 


4000 






4959-" 


5000 






6336.1 


6000 






7S3M 


7000 






8849.3 


8000 






1019a 


900a 






"S63- 


loooa 






1 9971- 


1 1000 






I44'4. 


laooo 






'S9»7- 


13000 






17480. 


14000 






19139, 


15000 








16000 






33819. 


17000 






34983. 


iSooo 






37582. 



[ffilHlIHTfHIIfflilll 



These results are plotted in a curve. 
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A rough calculation gives the "diacritical point " ; /.^., the point at 
which the magnetic conductivity of the circuit is halved, as reached 
when the intensity of magnetism is about 171CX). As mentioned before, 
the location of this point depends upon the air-gap as well as upon the 
quantity and quality of iron. Prof. S. P. Thompson appears to have 
neglected the consideration of this fact in his formulas, although he 
alludes to it in a discussion of the influence of projecting teeth in 
armatures. 

Mass. Instttute of Technology. 
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